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ABSTRACT 

(Confidential) 


The  Naval  Research  laboratory  is  serving  as  technical  director 
of  the  Navy's  Air  to  Air  Missile  Study.  The  results  are  presented 
in  a  series  of  volumes  tinder  NRL  Memorandum  Report  75^*  This  volume 
is  the  eleventh  in  the  series.  The  study  to  date  has  been  primarily 
concerned  with  the  system  employing  the  P4H-1  aircraft,  the  AN/APQ-72 
radar  and  the  Sparrow  III  6a  missile.  This  volume  presents  study 
results  accomplished  prior  to  June  I960  and  is  a  continuation  of  the 
study  results  detailed  in  preceding  volumes. 


PROBLEM  STATUS 

This  is  an  interim  report;  work  on  the  problem  is  continuing. 
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NRL  Problem  53R05-04 

BUWEPS  No.  RM  37-31-002/566- l/W102  BO-OOl 
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Initial  Conditions  of  Interceptor  at  AI  Radar  Lock-on  Range 
(start  of  Pull-up) .  Pull-up  Attacks  -  Nonmaneuvering  Target 

Initial  Conditions  at  Missile  Launch  for  Pull-up  Attacks 
Against  Nonmaneuvering  Targets 

Sparrow  IIl6a  Miss  Distances  -  Pull-up  Attacks  Against  Non- 
maneuvering  Target 

Miss  Distance  Results  -  Pull-up  Attacks  Against  Nonmaneuvering 
Target 

Conroarison  of  Initial  Conditions  at  Missile  launch  for  Pull -up 
Attacks  Against  Nonmaneuvering  and  Maneuvering  Targets 

Comparison  of  Sparrow  IIl6a  Miss  Distances  -  Pull-up  Attacks 
Against  Nonmaneuvering  and  Maneuvering  Targets 

Comparison  of  Miss  Distamce  Results  -  Pull-up  Attacks  Against 
Nonmaneuvering  and  Maneuvering  Targets. 
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AN/APQ-72(XN-3)  Radar  85^  Cumulative  Probability  of  Detection 
Probability  Grid  Prom  Which  Intercepts  Originate, 

Attack  Geometry 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (Tq  =  15°,  Rjnax  Launch,  Fighter  Course  B-3). 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-2  Miss 
Distance  at  the  Target  (tq  =  L5°,  Rmax  Launch,  Fighter  Course  B-3) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-2  Miss 
Distance  at  the  Target  (tq  «=  15°,  Launch,  Fighter  Course  B-3) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (tq  a  15°,  l/2  [Rjaax  +  Rmin.l  Launch, 

Fighter  Course  B-3)  ^ 

SpeuTOW  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (tq  ==  15^,  l/2  f  Rn^x  +  Rminl  Launch, 

Fighter  Course  B-3) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  (Tq  a  15°,  1/2  [  Rmax  +  Rminl  Launch, 

Fighter  Course  B-3)  ^ 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks,-  X-Y  Miss 
Distance  at  the  Target  (Tq  a  15°,  Launch,  Fighter  Course  B-3) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (Tq  =  15°,  Rmin  Launch,  Fighter  Course  B-3) 

Sparrow  III  Miss  Disteince  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  (Tq  =  15°,  Rmin  Launch,  Fighter  Course  B-3) 

Sparrow  ill  Miss  Distance  -  Co -Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (tq  =  15°,  Rmax  Launch,  Fighter  Course  D-1) 
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Fig.  7b.  Sparrow  III  Misa  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 

Distance  at  the  Target  (  tq  -  15°>  Rmax  Launch,  Fighter  Course  D-l) 

Fig.  7c.  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 

Distance  at  the  Target  (tq  •=  15°,  Rmax  Launch,  Fighter  Course  D-l) 

Pig.  8a,  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (Tq  =  15°,  l/2  [Rmax  RminjLA*^^^# 

Fighter  Course  D-l) 

Fig.  8b.  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (Tq  =  15°,  1/2  [Rmax  + 

Fighter  Course  D-l) 

Fig.  8c.  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y^-Z  Miss 
Distance  at  the  Target  (t©  =  15°,  1/2  [Rmax  ^min  J  Launch, 

Fighter  Course  D-l) 

Fig.  9a.  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 

Distance  at  the  Target  (Tq  =  15°,  Rmin  Launch,  Fighter  Course  D-l) 

Fig.  9b.  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 

Distance  at  the  Target  (Tq  =  15°,  Rmin  Launch,  Fighter  Course  D-l) 

Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
the  Target  (tq  =15°,  Rmin  Launch,  Fighter  Course  D-l) 

Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
the  Target  (tq  *  15°,  Rmax  Launch,  Fighter  Course  B-1) 

Fig.  10b.  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 

Distance  at  the  Target  (t6  =  15°,  Rmax  Launch,  Fighter  Course  E-1) 

Fig.  10c.  Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 

Distance  at  the  Target  (tq  =  15°,  Rmax  launch.  Fighter  Course  B-1) 

Fig.  Ua.  Sparrow  III  Miss  Distance  -  Co-Mtitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (tq  =  15  ,  l/2  [Rmax  +  ^min  J  lAunch, 
Fighter  Course  E-l) 


Fig.  9c.  Sparrow  III 
Disteince  at 

Fig.  10a.  Sparrow  III 
Distance  at 
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Fig.  13b. 
Fig.  13c. 
Fig.  Il4a. 

Fig.  I4b. 

Fig.  l4c. 

Fig.  15a. 
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Sparrow  III  Miss  Distance  -  Co-Altitude  At'jiacks,  X-Z  Miss 
Distance  at  the  Target  ( Tq  =  15°>  l/2  [Rmax  +  Rain]  Launch, 

Fighter  Course  E-1) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  (  =  15°,  l/2  f +  Rmin]  Launch, 

Fighter  Coxirse  E-l) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (Tq  =  150,  Rgii^  Launch,  Fighter  Course  E-l) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (  Tq  =  ^5°^  Rmin  Launch,  Fighter  Course  E-l) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  (  Tq  =  15°,  Rjj^j^  Launch,  Fighter  Course  E-l) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (tq  =  15°,  Rmax  Launch,  Fighter  Course  G-3) 

Sparrow  ill  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (tq  *  1^  Rmax  Launch,  Fighter  Course  G-3) 

Sparrow  HI  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  (  Tq  =  15°,  Launch,  Fighter  Course  G-3) 

Sparrow  HI  Miss  Distance  -  CorAltitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (r  =  15°,  1/2  fRmaY  +  Rminl  Launch, 

Fighter  Course  G-3)  ■' 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (Tq  =  15°,  1/2  rRnax  +  Rmin]  Launch, 

Fighter  Course  G-3)  ^ 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  ('Cq  =  15°,  1/2  fR^ax  +  Rmin]  Launch, 

Fighter  Course  G-3)  ^ 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  {Tq  =  15°,  Launch,  Fighter  Course  G-3) 
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Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks,  X-Z  Miss 
Distance  at  the  Target  =  15®>  Rmin  Launch,  Fighter  Course  G-3) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  =  15®,  Rmin  Launch,  Fighter  Course  G-3) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  =  60°,  R^bv  lAunch,  Fighter  Course  D-1) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (tq  =  60°,  Rnox  lA’-moh,  Fighter  Course  D-l) 

Sparrow  III  Miss  Distance  -  Cc -Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  (tq  =  60°,  Rp^y  launch.  Fighter  Course  D-l) 

Sparrow  III  Mias  Distance  -  Co-Altitude  Attacks  -  X-Y  Miss 
Distance  at  the  Target  (tq  =  60°,  Launch  (tf+2)  sec  after  Rj»x, 
Fighter  Course  D-l) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  X-Z  Miss 
Distance  at  the  Target  (  Tq  «s  60®,  launch  (tf+fi)  sec  after  Rjnax^ 
Fighter  Course  D-l) 

Sparrow  III  Miss  Distance  -  Co-Altitude  Attacks  -  Y-Z  Miss 
Distance  at  the  Target  (Tq  =  60°,  Launch  (tf+2)  sec  after  Hoax# 
Fighter  Co\irse  D-l) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  X-Y  Miss  Distance 
at  the  Target  (Tq  =  0°,  Rmax  Launch,  Fighter  Course  D-l, 

Hp  *  58,000  ft,  Hp  =  65,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  X-Z  Miss  Distance 
at  the  Target  (tq  =  0°,  Rmax  Launch,  Fighter  Course  D-l, 

Hp  =  58,000  ft,  Hp  =  65,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  Y-Z  Miss  Distance 
at  the  Target  (tq  =  0®,  Rn^y  Launch,  Fighter  Course  D-l, 

Hp  =  58,000  ft,  Hp  =  65,000  ft) 
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Sparrow  III  Mias  Distance  -  Pull-up  Attacks  -  X-Y  Miss  Distance 
at  the  Target  ( Tq  =  0°,  Rmax  Fighter  Course  C-4, 

%  =  50,000  ft,  =  63,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  X-Z  Miss  Distance 
at  the  Target  (  Tq  =  0°,  Ls.unch,  Fighter  Course  C-h, 

Hp  =  58,000  ft,  =  65,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  Y-Z  Miss  Distance 
at  the  Target  (  Tq  =  0'^,  R^ax  Launch,  Fighter  Course  C-4, 

Hp  =  58,000  ft,  Ht  =  65,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  X-Y  Miss  Distance 
at  the  Target  (  'Tq  =  0°,  Rmax  Launch,  Fighter  Course  D-2, 

Hp  =  50,000  ft,  Ht  =  65,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  X-Z  Miss  Distance 
at  the  Target  ( Tq  =  0°,  Rmax  Launch,  Fighter  Course  D-2, 

Hp  =  50,000  ft,  Ht  =  65,000  ft) 


Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  Y-Z  J'tLss  Distance 
at  the  Target  (Tq  “  0°,  Rmax  Launch,  Fighter  Course  D-2, 

Hp  =  50,000  ft.  Hr  =  65,000  ft) 
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at  the  Target  (Tq  =  0°,  Rmax  Launch,  Fighter  Course  C-5, 

Hp  =  50,000  ft,  Hj,  =  65,000  ft) 

SparJ'ow  III  Miss  Distance  -  Pull-up  Attacks  -  X-Z  Miss  Distance 
at  the  Target  (r^  =  0°,  Rmav  Launch,  Fighter  Course  C-5, 

Hj.  =  50,000  ft.  Hr  =  65,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  Y-Z  Miss  Distance 
at  the  Target  (t^  =  0°,  Rjnax  Launch,  Fighter  Course  C-5, 

Hp  =  50,000  ft,  Hp  =  65,000  ft) 

Sparrow  III  Miss  Distance  -  Pull-up  Attacks  -  X-Y  Miss  Distance 
at  the  Target  (Tq  =  45°,  Rmav  Launch,  Fighter  Course  D~l, 

Hp  =  58,000  ft,  Hp  =  65,000  ft) 
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SUMMARY  OF  NAVY  STUDY  PROGRAM  FOR  F4H-1  WEAPON  SYSTEM 


INTRODUCTION 

The  Bureau  of  Naval  Weapons  has  contracted  with  the  Naval  Research 
Laboratory  to  conduct  system  studies  directed  toward  establishing  the 
tactical  use  capability  of  the  Navy's  Air  to  Air  Missile  Systems.  These 
studies  are  conducted  under  the  technical  direction  of  the  Naval  Researdi 
Laboratory  with  all  Inputs  derived  from  Navy  sources.  To  date,  study 
effort  has  been  primarily  directed  toward  revealing  the  tactical  use 
capability  of  the  F4pi-1  Weapon  System.  In  support  of  this  effort,  NRL 
has  contracted  with  Westlnghouse  Air  Arm  Division  for  analytical  services. 
Recommendations  and  conclusions  to  be  drawn  from  analytical  results  are 
a  Navy  responsibility,  and  In  particular,  the  responsibility  of  the  tech~ 
nical  director  (NRL).  This  report  is  the  eleventh  in  a  series  directed 
toward  revealing  the  tactical  effectiveness  of  the  P4H“1  Weapon  System. 

The  Navy  study  has  been  and  will  continue  to  be  a  cooperative  effort. 
Wherever  possible  duplication  has  been  avoided.  Input  data  for  the  study 
has  been  obtained  from  the  government  facilities  which  most  logically  would 
cover  the  particular  field.  For  example,  radar  test  data  was  obtained  from 
NATO;  Sidewinder  performiance  data  was  obtained  from  NOTS;  and  Sparrow  III 
seeker  performance  data  was  obtained  from  NMC,.  In  addition,  the  facilities 
of  the  various  activities  have  been,  in  effect,  pooled  so  that  special  talents 
and  equipments  can  be  employed.  The  results  of  NMC  simulator  studies  to 
ascertain  the  allowable  launch  error  for  Sparrow  III,  and  ;he  effects  of 
liydraullc  oil  limits,  have  been  incorporated  in  the  overall  study.  In  addi¬ 
tion,  NMC  has  conducted  tests  to  verify  the  vectoring  accuracies  and  to 
determine  if  the  field  degradation  applied  to  AI  radar  detection  range  in 
this  study  J,s  valid.  It  is  very  important  that  everyone  concerned  recognize 
that  a  study  such  as  this  must  be  a  team  effort .  It  is  just  as  important  to 
continue  this  team  effort  on  future  studies  under  the  Sparrow  III  6b  and 
Eagle  programs . 

The  study  results  to  date  ha'ye  been  presented  in  Volumes  I,  II,  III, 

IV,  VII,  VIII,  IX  and  X  of  this  series  (Refs.  1  thru  8).  The  study  effort 
covered  by  these  volumes  carries  the  system  through  to  Sparrow  III  6a 
missile  launch.  At  this  point  it  is  assumed  that  if  the  initial  aircraft 
heading  errors  can  be  reduced  to  an  acceptable  launch  error,  the  missile 
will  fly  perfectly  to  impact  with  the  target.  The  probability  of  arrival 
to  missile  launch  results  presented  in  these  preceding  volumes  are  based 
upon  this  assumption. 
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The  study  effort  covered  by  this  and  succeeding  volumes  is  primarily 
concerned  with  the  launch  and  missile  guidance  phases  of  the  attack.  The 
investigation  of  these  phases  of  the  attack  has  been  divided  into  three 
parts  and  will  be  reported  on  in  the  same  fashion.  These  three  parts  are: 

1,  Investigation  of  the  tactical  effectiveness  of  the  P4H-1 
weapon  system  when  employing  the  Sparrow  III  6a  missile  es  defined  at  the 
start  of  the  Navy's  study.  This  missile  is  referred  to  throughout  the 
text  as  the  unimproved  Sparrow  III  6a. 

2,  Investigation  of  the  sensitivity  of  system  performance  to 
Sparrow  III  6a  parameter  variations. 

3,  Investigation  of  the  tactical  effectiveness  of  the  P4h-1 
system  when  employing  the  Sparrow  III  6a  missile  as  defined  today.  This 
missile  will  be  referred  to  as  the  improved  Sparrow  III  6a. 

This  volume  presents  the  results  obtained  under  the  investigation  of 
Part  T  above.  The  other  two  phases  will  be  detailed  in  succeeding  volumes. 

The  material  contained  in  this  memorandum  report  is  intended  primarily 
for  bureau  information.  As  agreed  during  the  contract  negotiation,  except 
for  government  activities,  all  distribution  will  be  handled  through  bureau 
channels . 

STUDY  PROCEDUBE 

In  preceding  volumes  the  investigation  of  the  tactical  use  capability 
of  the  P4H-1  Weapon  System  was  restricted  to  those  phases  of  the  attack 
prior  to  missile  launch.  The  interceptor  aircraft  (including  pilot,  radeu: 
operator,  and  displays),  target,  vectoring  environment,  and  missile  launch¬ 
ing  equations  were  simulated,  hJany  possible  tactical  situations  were 
examined.  If  the  PhH-1  Weapon  System  arrived  at  a  point  within  the  allowable 
launch  ranges  and  launch  error,  the  missile  was  assumed  to  behave  perfectly 
when  launched.  From  the  many  situations  examined,  the  probability  of  suc¬ 
cessful  arrival  to  missile  launch  was  developed  for  each  type  of  attack. 

The  study  effort  covered  by  this  volume  extends  the  work  described  in  pre¬ 
vious  volumes  to  include  missile  launching  and  missile  guidance  to  Impact 
or  miss  at  the  target.  The  results  presented  previously  form  the  basis  for 
the  input  conditions  of  the  launch  and  guidance  investigation.  Typical 
attack  conditions  are  examined.  The  results  are  then  presented  in  terms 
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of  hit  or  miss  at  the  target  for  each  r\in  examined.  If  a  sufficient 
number  of  missile  launch  cases  were  examined,  the  probability  of  suc¬ 
cessful  missile  guidance  could  be  developed.  This  probability  could 
then  be  combined  with  the  corresponding  probability  of  successful 
arrival  to  missile  launch.  The  result  would  be  overall  probability  of 
success  up  to  the  point  of  fuzing.  Unfortunately,  time  suid  funding  do 
not  permit  such  an  extensive  simulation.  Only  sample  cases  of  missile 
launches  can  be  examined. 

INPUT  DATA 

With  the  exception  of  the  unimproved  Sparrow  Ill  6a  missile,  the 
input  conditions  related  to  the  subsystem  performance  and  to  the  tacti¬ 
cal  situation  have  been  detailed  in  preceding  volumes.  Only  those  items 
pertinent  to  the  results  presented  in  this  volume  will  be  repeated  here. 

Radar  Analyses 

The  AI  radar  performance  used  in  this  phase  of  the  study  corresponds 
to  that  predicted  for  the  AN/APQ-72  (XN-3).  The  probability  of  detec¬ 
tion  range  for  this  radar  against  a  B-47  target  flying  at  M  1.6  at  50,000 
ft  where  Vgi/Vp  »  0.8  is  shown  in  Fig.  1.  Head-on,  this  radar  has  an  85^ 
probability  of  detection  at  approximately  19  naut  ml  when  the  expected 
10  db  of  field  degradation  Is  used.  The  radar  has  glmbal  limits  of  ±  57* 
in  azimuth  and  elevation.  It  is  currently  estimated  that  these  gimbal 
limits  will  actually  be  ±  60*.  This  change  has  not  been  incorporated  in 
the  study  to  date. 

Aircraft  Analyses 

The  basic  performance  of  the  PVh-1  aircraft  has  been  detailed  in 
Volums  I  thru  IV  of  this  series.  Changes  in  this  performance  have 
occurred  during  the  study  period  covered  by  this  report.  However,  these 
changes  have  not  resulted  in  significant  changes  in  system  analyses  re¬ 
sults.  Details  of  the  performance  changes  which  have  occurred  and  which 
are  now  being  used  In  the  simulation  program  are  given  in  Volume  XIl  of 
this  series  (Ref.  11). 
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Missile  Analyses 

As  stated  above,  this  volume  is  primarily  concerned  with  the  launch 
and  guidance  phase  of  the  attacko  In  preceding  volumes  much  of  the  basic 
input  data  describing  the  missile  has  been  given.  These  data,  along  with 
additional  missile  data  pertinent  to  the  simulation  are  given  in  Appendix  I 
to  this  volume o 

INVESTIGATION  OP  CO-AIffTTUDE  ATTACKS 

This  section  of  the  report  is  restricted  to  the  investigation  of 
the  missile  launch  and  guidance  phases  of  attacks  made  under  co-altitude 
conditions.  Throughout  the  tactical  investigation  associated  with  this 
phase  of  the  report,  the  fighter  speed  at  the  beginning  of  the  attacks 
was  M  S.O  or  VxaBX>  target  velocity  used  was  M  2.0. 

Initial  Conditions 


Although  this  report  is  primarily  concerned  with  the  missile  launch 
and  guidance  phases  of  the  attack,  it  is  pertinent  to  review  the  method 
of  simulation  employed  in  all  phases  leading  up  to  launch  in  order  that 
the  reader  can  get  an  understanding  of  the  method  of  arriving  at  input 
conditions.  The  sequence  of  events  leading  up  to  missile  launch  has  been 
investigated  and  the  results  described  in  preceding  volumes .  The  P4h-1/, 

AN  APQ- 72/AN  APA-I28  and  pilot  combination  was  simulated  on  a  REAC-cockpit 
simulator  at  the  beginning  of  the  co-altitude  study  i^haoe.  Invonti-* 
gat ion  of  a  large  number  of  runs  Indicated  that  the  mean  of  the  RISAC- cockpit 
simixlator  rvins  agreed  with  the  results  obtained  from  the  IBM  70^ •  In  the 
actual  investigation  of  co-altltudc  attacks  under  tactical  conditions,  the 
IBM  ^0k  was  used  to  simulate  the  interceptor  portion  of  the  run.  More  will 
be  said  about  this  later.  The  interceptor  is  vectored  on  a  pure  collision 
or  constant  true  bearing  course  until  At  radar  detection  occurs.  The  detec¬ 
tion  range  capability  of  the  AN/APQ-72  radar  is  described  by  the  contoi.u’ 
on  Fig.  1.  The  Interceptor  continues  to  fly  a  pure  collision  or  constant 
true  bearing  course  until  AI  radar  lock-on  occurs  (lO  secs  after  detection). 
At  AI  lock-on,  the  pilot  immediately  attempts  to  zero  the  error  dot.  His 
maneuver  capability  is  restricted  to  3s's*  If  the  interceptor  can  reduce 
the  error  to  an  acceptable  level  ^10°)  between  Rniax  launch 

range)  and  Rj^in  (minimum  launch  range);  if  the  AI  radar  antenna  gimbal 
limits  are  not  exceeded;  and  if  the  interceptor  does  not  get  into  a  posi¬ 
tion  from  which  it  could  not  recover,  the  run  was  labeled  a  success. 
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Associated  with  the  vectoring  problem  are  vectoring  inaccuracies. 

These  have  been  defined  as  la  -  i  3  naut  mi  in  azimuth  and  range,  and 
la  «•  t  J  naut  mi  in  altitude  throughout  the  Navy's  study.  In  addition, 
there  is  a  probability  distribution  associated  vith  AI  radar  detection 
capability  which  is  directly  related  to  the  vectoring  inaccuracy  in 
range.  Thus,  by  combining  the  probability  of  vectoring  inaccuracy  and 
the  probability  of  AI  radar  detection.  It  Is  possible  to  construct  a 
probability  gild  from  which  individual  Intercept  runs  cem  be  examined. 

Such  a  grid  is  shown  on  Fig.  2.  In  Fig.  2  the  center  line  of  the  dis¬ 
tribution  in  azimuth  due  to  vectoring  inaccuracy  represents  the  initial 
target  aspect  angle  {'^o)  to  which  CIG  or  AEW  is  attempting  to  vector 
the  P4h-1«  It  is  assumed  that  all  approach  courses  are  pure  collision 
up  to  the  point  of  AI  radar  lock-on.  After  examining  sufficient  boxes 
in  the  grid,  it  is  possible  to  derive  the  probability  of  successful 
arrival  to  missile  launch.  The  results  of  this  phase  of  the  study  are 
detailed  in  the  preceding  volumes. 

Pertinent  interceptor  runs  which  werg  successful,  in,placihg  the.. 
Interceptor  between  Rmak  and  8^^^,  so  that  error  was  within  the  computed 
value  without  exceeding  AI  radar  glm'bal  limits  were  then  selected  for  use 
in  the  investigation  of  the  missile  problem.  The  aircraft  attitude  and 
motions  at  the  launch  point  (roll  angle,  angle  of  attack,  velocity,  etc.) 
were  used  as  i.nputs  to  the  IBM  "jok  for  starting  the  missile  simulation. 
There  are  many  possible  approaches  which  could  be  utilized  in  selecting 
Initial  int-erceptor  conditions  for  missile  launch.  For  example,  for  each 
Interceptor  run  conducted  on  the  REAC-cockpit  simulator  a  missile  launch 
and  guidance  sample  could  be  investigated.  This  becomes  time-consuming 
and  statisticall.y  confusing.  A  second  approach  would  be  to  run  many  runs 
on  the  REAC  and  select  average  cronditions  for  starting  the  missile  phase 
lnvestigatio.n.  As  stated  previously,  in  the  Navy's  study  this  second 
approach  is  essentially  the  procedure  that  was  followed.  The  average  of 
many  runs  from  boxes  l.n  the  probability  grid  were  compared  with  runs  made 
on  the  IBM  70^  and  close  correlation  was  observed.  From  that  point  on,  the 
interceptor  was  simulated  on  the  IBM  70^  aud  the  results  used  as  represen¬ 
tative  average  conditions  for  the  start  of  the  missile  phase  Investigation. 

Missile  seeker  lock-on  was  assumed  to  occur  at  2.14  secs  after  launch 
at  RpiA.y .  This  agrees  with  the  8556  probability  of  lock-on  time  as  given  by 
Raytheon.  For  launches  seeker  lock-on  was  assumed  to  occur  at  l.l4 

secs  after  launch.  Seeker  lock-on  times  for  launches  between  Rmnv  and 
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^mln  were  obtained  via  lineeir  interpolation.  Initially,  the  missile  seeker 
antenna  is  slaved  to  the  AI  radar  antenna  via  the  method  described  in  the 
appendix.  Du.rlng  the  launching  phase  the  missile  is  subjected  to  the  noise 
effects  resulting  from  ejection  launching.  The  transients  associated  with 
ejection  launch  are  given  in  the  appendix,  louring  the  launch  phase  (prior 
to  lock-on)  the  missile  antenna  is  space  stabilized.  The  missile  trajec¬ 
tories  were  examined  at  seeker  lock-on  to  establish  if  the  tracking  error 
was  within  the  nominal  half  bearawidth  of  the  seeker  antenna  (±  6®). 

Checkout  Runs 


Before  the  actual  investigation  of  the  missile  launch  and  guidance 
phase  was  started,  it  was  important  to  make  several  checkout  runs  to  insure 
that  all  instrumentation  used  in  the  simulation  program  was  operating  cor¬ 
rectly.  These  checkout  runs  were  made  at  30,000  ft  altitude  because: 

1.  The  program  on  the  computer  at  that  time  was  for  30,000  ft 
altitude . 

2.  Interceptor  slowdown  at  30,000  ft  altitude  is  negligible  and 
can  be  Ignored. 

3.  The  results  can  be  compared  with  some  actual  test  firings  made 
at  NMG,  Pt  .  Mugu. 

The  checkout  runs  were  made  for  the  following  three  specific  reasons. 

1.  To  insure  that  simulation  instrumentation  was  operating  correctly. 

2.  To  determine  the  number  of  BEAC  runs  necessary  for  establishing 
the  input  conditions  for  interceptor  at  missile  launch  (inputs 
to  IBM  JOh). 

3.  To  compare  results  of  checkout  runs  with  actual  test  firings. 

Ten  interceptor  runs  were  made  on  the  REAC-cockpit  simulator  for  each 
tactical  conditions.  (This  is  the  initial  phase  of  the  co-altitude  attack 
simulation  program  mentioned  previously).  From  these  runs,  one  run  was 
selected  which  represented  the  average  euad  the  results  were  used  as  inputs 
for  the  IBM  JOh.  These  inputs  are  shown  as  initial  conditions  on  Table  I. 


6 


COMFIDEKTIAL 


CONFIDENTIAL 


TABIE  I 


CO-ALTITUDB  ATTACKS  -  INITIAL  CONDITIONS  AT  MISSILE  LAUNCH 
30,000  Ft  AHPITUDE  INVESTIOATION 

To  =  45"  B-47  Size  Target  =  M  2.0  Vp  =  M  2.0 
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The  attack  geometry  associated  with  Table  1  Is  shown  on  Pig.  3-  "the 

runs  of  Table  I,  the  initial  target  aspect  angle  (Tq)  to  which  the  inter¬ 
ceptor  is  being  vectored  is  45*.  Referring  to  Pig.  2,  would  be  the 
center  line  of  the  vectoring  distribution  and  in  this  case  would  be  45°. 

A  description  of  the  first  column  on  Table  I  can  best  be  given  by  referring 
to  Fig.  2,  The  letter  eind  number  designation  associated  with  each  fighter 
course  designates  the  ray  and  block  in  the  probability  grid  from  which 
the  intercepts  start.  For  example,  B-1  would  be  in  the  third  ray  from 
the  center  lines  eind  would  correspond  to  the  first  block.  The  second 
column  described  the  range  at  which  the  missile  was  launched.  This  phase 
of  the  investigation  was  restricted  to  either  Rj^^x  ®min  launches.  The 
third,  fourth,  and  fifth  columns  describe  the  components  of  range  along 
the  X,  Y,  Z  axes.  The  sixth  and  seventh  columns  give  the  azimuth  (ca) 
and  elevation  (ee)  steering  errors  at  launch  as  compared  to  the  computed 
lead  pursuit  course.  For  this  phase  both  interceptor  and  target  veloci¬ 
ties  were  M  2.0.  As  stated  before.  Interceptor  slowdown  at  30,000  ft  is 
negligible  and  was  Ignored.  Throu^out  this  study  the  target  is  assumed 
to  be  of  B-47  size,  flying  at  M  2.0.  For  this  initial  missile  launch  and 
guidance  investigation,  the  target  signal  was  assumed  to  be  noise-free  and 
transients  due  to  ejection  launch  were  not  present  (no  noise  conditions). 
One  noise-free  run  was  made  on  the  IBM  704  for  each  of  the  ten  runs  made 
on  the  REAC,  It  is  important  that  the  reader  understand  clearly  the  mean¬ 
ing  of  "no  noise"  as  used  in  this  and  succeeding  phases  of  the  Navy’s  Air 
to  Air  Missile  Study,  The  term  "no  noise"  as  used  here  applies  only  to 
the  missile  launch  and  guidance  phase.  During  the  runs  involved  in  this 
type  of  investigation,  missile  launching  transients,  target  noise  effects 
on  seeker  operation,  and  radome  noise,  were  not  simulated.  However,  noise 
effects  on  the  interceptor  portion  of  the  investigation  were  present.  As 
stated  previously,  the  average  of  ten  RBAO  rims  were  employed  in  this  phase 
to  get  inputs  for  missile  launch.  On  these  REAC  runs  target  noise  was 
present.  The  results  of  this  investigation  are  shOTO  on  Table  II.  An 
examination  shows  that  the  results  obtained  are  as  expected.  When  the 
missile  is  launched  at  Rmpy  it  has  t+me  to  essentially  zero  the  error. 

When  the  missile  is  launched  at  Rm-fn  it  has  more  difficulty  in  reducing 
the  Initial  lavinch  errors.  The  results  obtained  indicated  that  the  simu¬ 
lation  program  was  correct  and  a.ll  simulation  errors  had  been  removed. 

An  examination  of  Column  7  of  Table  II  indicates  that  the  miss  distances 
obtained  are  as  to  be  expected  in  this  no  noise  condition.  This  is  agreed 
to  by  Raytheon. 
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xMISS  Ul'STMCES  } 
30,OOC 

To  =  45°  B-47  Size  Targ< 


Fighter 

Course 

-To] - 

Range 

Interlock 

Condition 

T31 - 

Noise 

Condition 

A-5 

0 

B-1 

\in 

0 

:  E-1 

^ax 

0 

B-1 

\in 

0 

'F-2 

0 

F-2 

1 

^in 

0 

P-3 

^ax 

0 

F~3 

^In 

0 

g-6  I 

^Wx 

0 

0-6  \ 

1 

i  ! 

^in 

0 

i 


TABLE  II 


yssuunsa  from  checkout  runs 

)  FT  COrAITlTUDB  ATTACKS 


it  -  M 

2.0  Vp 

=  M  2.0 

Vj/Vp  »  1.0 

rn 

-JS) 

Overall  Miss 

% 

% 

Distance 

(n) 

(ft) 

(ft) 

(ft) 

0.02 

0.003 

0.003 

0.02 

0.22 

0.71 

0.24 

0.78 

-0.46 

-0.34 

-0.04 

0.57 

-0.68. 

-3.51 

-4.21 

10. 27 

-0.47 

-0.08 

-0.67 

0.82 

-5.28 

-1.37 

-22.53 

23.18 

-0.15 

0.15 

0.052 

0.22 

-0.31 

-8.45 

-3.53 

12.37 

-0.12 

•  0.057 

-0.15 

0.20, 

-3.58 

2.66 

-1.69 

4.77 
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Tactical  Investigation 

In  this  phase  of  the  stvidy,  the  target  employed  Is  of  B-U7  si'ze, 
flying  M  2.0  at  50,000  ft.  Prom  the  preceding  checkout  runs  It  was 
determined  that  the  spread  In  Initial  conditions  (conditions  at  the 
time  of  launch)  was  small  z’egardless  of  the  number  of  Interceptor  tra¬ 
jectories  examined.  It  was  decided  that  the  complete  problem,  Including 
the  interceptor  phase,  would  be  simulated  on  the  IBM  704.  Thus,  as 
stated  previously,  the  ^':tercepto^  conditions  employed  at  missile  launch 
would  be  the  average  of  many  rruis  made  with  the  pilot  in  the  loop  (REAC 
cockpit  simulator  runs).  This  process  was  used  for  all  of  the  tactical 
co-altitude  st^jdy  described  in  the  following  section,  and  for  the  com¬ 
plete  pull-up  attack  investigation  which  is  detailed  later  in  this 
report . 

Table  III  shows  the  initial  conditions  at  launch.  The  description 
of  the  headings  given  previously  for  Table  I  applies  equally  well  here. 

It  is  observed  that  two  aspect  angles  were  examined;  15“  was  selected 
because  it  lies  in  the  region  of  high  probability  of  success  when  high 
speed  targets  are  considered;  60®  was  selected  because  it  represents 
approximately  the  outer  boundary  for  successful  attacks  when  high  speed 
targets  are  considered.  For  the  case  of  Tq  *  15*,  three  launch  condi¬ 
tions  were  examined  -  RmcY.  Rmln>  (Rmax+%in)/2*  Poi*  the  case  of 
Tq  =!  60®  only  one  block  X^-l)  in  the  probability  grid  was  examined, 

Tfiis  was  the  case  because  D-1  represented  the  only  block  where  the  inter¬ 
ceptor  arrived  at  the  launch  point  with  €^^10®.  For  these  intercepts 
two  laxmch  conditions  were  examined  -  Rmay  and  a  shorter  range  which 
corresponds  to  time  of  flight  for  a  missile  launched  at  Rmwv  plus  2  secs 
(Tji  +2).  This  was  done  because  the  interceptor  was  unable  to  reach 
Rjnin  on  these  runs.  Referring  to  the  Steering  Error  columns  on  Table  III 
it  is  seen  that  only  those  interceptor  courses  which  were  successful 
(ejjt.  10“ )  or  marginally  unsuccessful  were  selected  for  the  missile  miss 
distance  study.  Referring  to  the  Fighter  Velocity  column,  it  is  seen 
that  the  interceptor  slowdown  is  included.  The  target  is  of  B-47  size. 
The  interceptor  is  flying  at  VmnY  at  the  beginning  of  the  intercept  run 
and  Vi/Vp  =  1.0. 

Several  conditions  have  been  given  for  selecting  the  intercept 
courses  to  be  used  for  investigation  of  the  missile  miss  distance. 

These  conditions  can  be  summarized  as  follows; 
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TABLE  III 


INITIAL  CONDITIONS  AT  MISSIIE  UUNCH 
50,000  FT  CO-AIITITUDE  ATTACKS 
B-47  Size  Target  M  2.0  Vp»  Vj/Vp-  1.0 


(l) 

— fsT" 

(3) 

Range  From  Target 

steering  Error 

Filter 

Courfie 

Initial 

Range  ^ 

Interlock 

Condition 

at 

Tannch 

(7) 

Fighter 

Velocity 

Vp 

(ft/sec) 

Target 

Aspect 

Angle 

■^o 

(4) 

(ft) 

(5) 

(6) 

Rz 

(ft) 

Azimuth 

(Sg) 

(deg) 

HU 

15 

^max 

mm 

0 

2.15 

5.83 

1797 

15 

^max''‘^in 
- 2 - 

21810 

0 

0.78 

2.57 

1751 

B-3 

15 

^In 

7527 

14110 

0 

0.47 

2.06 

1685 

D-1 

15 

^Wix 

34110 

15060 

0 

1.50 

4.36 

1978 

D-1 

15 

^Wx+^min 
- 2 - 

28070 

13000 

0 

0.236 

0.896 

1956 

D-1 

15 

^in 

18080 

9184 

0 

-0.006 

0.073 

1949 

E-1 

15 

^ax 

31410 

3152 

0 

-■3.94 

11.62 

1952 

E-1 

15 

^max'^^min 

28710 

2733 

0 

-3-32 

9.79 

1944 

E-1 

15 

2 

^in 

20950 

1792 

0 

-1.33 

3.94 

1918 

G'3 

15 

^4nax 

31340 

-9022 

0 

-3.40 

9.97 

1784 

0-3 

15 

^^^raax'^in 
- 2 - 

27300 

-8340 

0 

-2.71 

7.90 

1769 

Q-3 

15 

^min 

19060 

-6600 

0 

-1.34 

3.96 

1736 

D-1 

60 

^Wx 

3818 

32640 

0 

-0.014 

0.241 

1921 

D-1 

60 

Tp+2 

5886 

12410 

0 

-0.022 

.,.1 1 

0.338 

1879 
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1.  The  initial  aspect  angle  lies  in  the  zone  within  which  the 
the  interceptor  must  be  vectored  to  arrive  successfully  at  missile  launch 
(see  Volume  III  of  this  series,  Ref.  3)» 

2.  Runs  for  each  of  the  probability  grids  associated  with  the 
two  initial  aspect  angles  examined  were  not  used  if  the  launch  error  was 
excessive  (see  Table  III). 

3.  Illumination  of  target  and  missile  was  assured  by  selecting 
only  runs  for  which  the  glmbal  angl.es  of  the  AI  radar  were  <  1  57*  dixring 
the  missile  flight. 

U.  Missile  seeker  lock-on  vas  assured  by  inspecting  missile- 
target  'Tace  relationships  on  the  simulation  records  at  the  time  of 
missile,  .lock-on.  Only  those  runs  where  the  target  was  within  the  missile 
beamwidth  were  selected.  The  missile-target  space  relationships  are  shown 
on  Table  IV. 

The  resulting  Sparrow  III  miss  distances  for  the  initial  conditions 
described  on  Table  III  are  summarized  on  Table  V.  The  .first  column  gives 
the  family  number  and  is  used  for  identification  purposes  throughout  this 
report.  The  second  column  gives  the  associated- figure  number.  It  is 
noted  that  th  figiu*e  numbers  are  listed  (example  -  4a,  4b,  4c).  These 
thr^;.  .n-gure  -.uclude  the  three  projections  necessary  to  shew  the  result¬ 
ing  miss  distances.  These  groups  of  tliree  figures  are  included  on  one 
sheet  for  cross-referencing  pmposes.  The  third  column  gives  the  box  in 
the  probability  grid  from  which  the  intercept  course  started.  The  fourth 
column  gives  th  aitial  approach  aspect.  The  fifth  column  lists  the  range 
at  which  the  m.  .lie  was  launched.  In  this  phase  of  the  study,  target  noise 
was  injected  into  the  simulation  (see  Fig.  4  of  the  Appendix).  For  each  of 
the  launch  conditions,  10  noise  samples  were  investigated.  The  simulation 
was  instrumented  such  that  each  of  the  10  points  on  the  same  noise  distri¬ 
bution  could  be  selected  as  starting  points  for  the  missile  la\uich  and 
guidance  investigation.  The  noise  samples  are  listed  from  1  to  10  in  column 
6  o.f  Table  V.  The  seventh,  eighth  eind  ninth  columns  give  the  miss  distance 
components  (X,  T,  Z),  These  miss  distances  represent  the  nearest  points  of 
approach  of  the  Sparrow  III  missile  to  the  geometrical  center  of  the  B-47 
size  target.  The  tenth  column  gives  the  resultant  missile  miss  distance 
with  respect  to  the  geometrical  center  of  the  target.  Plotting  these  miss 
distances  with  respect  to  the  geometrical  center  of  the  target  assumes  that 
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TABLE  IV 

MISSILE  ANTENNA  TRACKINO  ERROR  AT  SEEKER  LOCK-ON 
50,000  FT  CO-ALTITUDE  INVESTIGATION 


(1) 

- 

(3) 

-TIT) 

Steering  Error  I 

Fighter 

Course 

Initial 

Target 

Aspect 

Angle 

^0 

(deg) 

Range 

Interlock 

Condition 

Seeker 

Lock-on 

Time 

(sec) 

(5r^ 

Azimuth 

(deg) 

Elevation 

(deg) 

B-3 

15 

^ax 

2.14 

0.17 

0.38 

B-.3 

15 

- 5 - 

1.64 

0.25 

0,22 

B-3 

15 

^mln 

I.l4 

0.09 

0.17 

D-1 

15 

^max 

2.14 

0.27 

0.086 

D-1 

15 

®3nax'^^ln 

- 5 - 

1.64 

0.28 

-0.11 

D-1 

15 

^min 

1.14 

0.13 

0,011 

E-1 

15 

R 

max 

2.14 

-0.21 

0.30 

E-1 

15 

^Wx'^'^in 

ii 

1.64 

0.036 

0.048 

E-1 

15 

R  . 
min 

1.14 

0.19 

-0.11 

G-3 

15 

p 

max 

2,l4 

-0.26 

0.43 

G-3 

15 

®inax'^®min 

2 

1.64 

-0.016 

0.19 

0-3 

15 

^min 

1.14 

0.095 

0.099 

D-1 

6o 

T3 

max 

2.14 

0.25 

0.11 

D-1 

6o 

Tj.+2 

. -J 

-0.19 

O.JO 
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the  geomutrlceil  f'enter  fjrvd  the  rada:"  center  of  the  target  coincide.  Of 
course,  this  is  not  true.  radar  center  of  the  target  moves  with  aspect 
angle.  Uhfortunately,  there  Inyufflcient  data  available  to  allow  use 

of  the  radar  center  of  the  size  target.  When  such  data  becomes  avail¬ 

able,  it  wi."''  a  rel"  velj  simple  task  to  plot  miss  distances  with  respect 
to  the  actuax  -arget  .  '  center. 

The  data  presented  on  Taile  V  is  grouped  according  to  families.  These 
families  are  grouped  for  a  particular  aspect  angle,  flght«r  cburse,  and 
missile  launch  range.  For  example,  the  first  family  is  for  Tq  =  15*^  course 
D-3,  and  Rmax  missile  launch.  Examining  the  overall  miss  distance  it  is  seen 
that  the  miss  varies  from  13.52  ft  to  55 >25  ft.  The  mean  miss  distance  Is 
24.03  ft,  which  represents  results  of  10  runs  each  with  a  different  noise  con¬ 
dition.  For  this  first  family  the  standard  deviation  in  the  miss  distribution 
is  11.68  ft. 

The  resulting  mls»..le  miss  distances  for  each  of  thfe  families  of  missile 
launches  given  on  Table  V  are  shown  pictorially  on  Figs. .4a  thru  17c.  On 
each  of  these  figures  the  missile  miss  distances  for  escdlT  launch  are  plotted 
with  respect  to  the  geometrical  center  of  a  B-47  size  target.  There  axe 
three  figures  corresponding  to  each  nf  the  families  of  Table  V.  For  example. 
Figs.  4a  thru  4o  represent  miss  distances  for  Family  1  of  Table  V.  Figure  4a 
•gives  X-Y  coordinates  of  the  miss  distances,  Pig.  4b  shows  X-Z  coordinates 
of  the  miss  distances,  and  Fig.  4c  shows  Y-Z  coordinates  of  the  miss  distances. 

The  term  "no  noise"  applies  only  to  the  missile  flight  portion  of  the 
run.  Target  noise  only  is  neglected.  The  approximation  of  mean  p4H-1  crew 
performance  also  leads  to  the  result  that  there  is  no  statistical  spread 
in  the  miss  distance.  In  actual  use  of  the  system  the  random  nature  of  live 
crew  performance  will  contribute  an  additional  statistical  spread  to  the 
miai  distance  even  if  a  "no  noise"  mode  were  achievable. 

Prom  the  results  of  the  missile  launches  detailed  on  Table  V  it  is  pos¬ 
sible  to  predict  the  pi-obability  that  the  missile  will  arrive  within  a 
defined  area  with  respect  to  the  target.  However,  a  detailed  study  of  the 
fuzing  ftud  warhead  aspects  of  the  problem  is  necessary  before  the  probability 
of  kill  of  the  target  can  be  defined.  Such  a  detailed  study  will  not  be 
attempted  at  MRL  as  a  part  of  the  Navy's  Air  to  Air  Missile  Study.  Instead 
a  simple  lethality  criteria  will  be  used.  A  general  lethality  criteria 
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TABI£  V 

SPARROW  III  6a  MISS  DISTANCES  -  50,000  ft  CO-AIfflTUDE  ATTACKS 
8-47  Size  Target  Vgi  »  M  2.0  Vp  «  Vjj^x 
V^/Vp  -  1.0 


VWiily 

No. 

(2) 

Fig. 

No 

"ID — 

Fighter 

Course 

"W” 

Initial 

Target 

Aspect 

Angle 

(deg) 

(5) 

Range 

Interlock 

Condition 

Noise 

Sample 

Miss  Distance  at  Tarset 

Overall 
Mias  Dls. 

(ft) 

(7) 

% 

(ft) 

Ry 

(ft) 

'  (9) 

(ft) 

1 

4a 

B-3 

15 

^ax 

1 

' 

0.62 

-0.19 

-27.95 

27.96 

4b 

4c 

2 

-11.82 

9.25 

6.59 

16.40 

3 

‘1.75 

-18.15 

-17.56 

25.69 

4 

0.29 

-12.96 

5.03 

13.90 

5 

1^1.33 

-14.91 

0.73 

20.70 

6 

-11.03 

8.07 

-15.07 

20.34 

7 

-5.19 

1.86 

-16.22 

17.13 

8 

-12.59 

-1.5^1 

-4.66 

13.52 

9 

-44.42 

29.5*1 

1*1.37 

55.25 

10 

-14.84 

11.30 

-22.77 

29.43 

Mean 

=  24.03 

a 

=  11.68 

2 

5  a. 

B-3 

15 

1 

1.06 

-5.66 

10.97 

12.39 

513 

.5c 

2 

2 

15.24 

-13.01 

-4.67 

20.58 

3 

-33.61 

11.64 

33.89 

*19.13 

4 

-33.10 

19.97 

-9.98 

39.93 

5 

-8.62 

-2.72 

23.44 

25.13 

15 

. 

C( 

)NFIDERTI 

a 
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TABIB  V  (Coat) 

SPABROW  III  6a  MISS  DISTAWCES  -  50,000  ft  CO-AUPITUDE  ATTACKS 
B-47  Size  Target  Vj  -  M  2.0  Vp  » 

Vj/Vj.  »  1.0  rit 


M) 

Faihily 

No. 

W“ 

Pig. 

No 

— 

Fighter 

Course 

■—pry- 

initial 

Target 

Aspect 

Angle 

To 

(deg) 

(5) 

Bswge 

Interlock 

Condition 

Noise 

Sample 

Miss  Distance  at  Target 

(10) 
Overall 
Miss  Dis. 

Rmt 

(ft) 

% 

(ft) 

By 

(ft) 

(9) 

Rg 

(ft) 

6 

0.45 

-3.59 

12.94 

13.44 

7 

-3.42 

0.85 

-4.72 

5.89 

8 

-43.92 

30.02 

-34,09 

63.18 

9 

-26.13 

17.78 

6.76 

32.32 

10 

-2.26 

-2.15 

14.34 

14,67 

Mean  = 

»  27.67 

a 

=  17.40 

3 

6a 

B-3 

15 

^mln 

1 

-29.49 

13.48 

-6.15 

33.00 

6t) 

6o 

2 

-75.13 

36.77 

15.58 

85.09 

3 

-42.24 

19.18 

-15.09 

48.78 

4 

-22.59 

8.64 

-1.27 

24.22 

5 

-4o.92 

16.75 

-0.79 

44.22 

6 

-43.83 

12.92 

14.23 

47.86 

7 

-43.19 

19.73 

7.78 

48.12 

8 

-11.71 

-0.12 

5.80 

13.06 

9 

-6.53 

2.33 

-20.10 

21.27 

10 

-56.74 

21.75 

9.88 

61.56 

Mean 

=  42.72 

0  *  20.05 
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TABtB  V  (Cent) 

CrAjRRCW  III  6a  MISS  DISTANCES  -  50,000  ft  CO-AIITITUDB  ATTACKS 
B-U?  Size  Target  Vrp  -  M  2.0  Vp  - 
Vj/Vp  -  1.0 
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TABM  V  (Cont) 

SPARROW  III  6a  MISS  DISTANCES  -  50,000  ft  CO-APrrrUr®  ATTACKS 
B-47  Size  Target  Vj  =  M  2.0  Vj>  = 

Vt/Vj.  =.1.0 


m 


Mlly  Pig. 
No.  No 


Filter 

Course 


WJ 


w 


Initial 

Twget 

Aspect 

Angle 

To 

i4£L_ 


Range 

Interlock 

Condition 


6 


9a 

9b 

9c 


T>-1 


15 


\in 


18 


Noise 

Semple 

Miss  Distance  at  Tareet 

(10) 

(7) 

% 

(ft) 

r-(QY- 

Ry 

(ft) 

'  (9) 

®Z 

(ft) 

Ovearall 
Miss  Die. 

Hmt 

(Ft) 

5 

-13.18 

16.60 

-26.23 

33.73 

6 

-5-95 

-0.68 

13.70 

14.95 

7 

-10.92 

10.23 

-10.72 

18.40 

8 

-9.47 

-7.76 

16. 04 

20.18 

9 

4.43 

-10.26 

-12.71 

16.92 

10 

-6.76 

-2.72 

-21.37 

22.58 

Mean 

=  21.12 

a  *  6.63 

1 

17.33 

35.31 

-22.72 

45.42 

2 

2.13 

-5.92 

-49.47 

49.86 

3 

-1.34 

2.09 

-1.14 

2.73 

4 

-14.71 

18.12 

-6.88 

24.33 

5 

34.20 

-64.61 

1.08 

73.11 

6 

5.88 

-17.82 

-7.42 

20.18 

7 

5.4i 

-12.43 

-39.61 

41.86 

8 

-4.74 

3.49 

-3.74 

6.97 
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TABLE  V  (Cont) 

SPARROW  III  6a  MISS  DISTAHCES  -  50^000  ft  CO-AIZTITUDE  ATTACKS 
B-47  Size  T€U*get  Vj  M  24O  Vp  =  ^Max 

Vj/Vp  -  1.0 


li) 

iiSily 

No. 

Fig. 

No 

(3) 

Fighter 

Course 

w 

Initial 

Target 

Aspect 

Angle 

*^0 

(deg) 

- 

Range 

Interloc-lc 

Condition 

Miss  Distance  at  Target 

gj 

mi 

II 

nn 

m 

(9) 

(ft) 

9 

17.13 

-36.44 

18.59 

44.35 

10 

-2.04 

-27.38 

-24.49 

36.79 

Mean  = 

34.56 

a  » 

i  20.19 

7 

10a 

E-1 

15 

I*max 

1 

-2.29 

15.47 

-24.56 

29.12 

lOh 

10c 

2 

-1.67 

7.68 

-51.34 

51.94 

3 

-0.27 

-11.66 

-14.97 

18.98 

4 

-6.01 

37.39 

-.2.44 

37.95 

5 

-2.89 

22.43 

-4.34 

23.03 

6 

-5.74 

15.21 

-5.34 

17.11 

7 

-1.63 

11.24 

14.24 

18.22 

8 

-4.34 

66.96 

10.62 

67.94 

9 

-1.63 

l4.ll 

-1.69 

14.31 

10 

-2.00 

19.84 

15.32 

25-15 

Mean 

»  30.37 

a 

=  16.52 
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TABJ2  V  (Cent) 

SPABROW  III  6r  miss  distances  -  50,000  ft  CO-AUPETUDi:  ATTACKS 
B-47  Size  Target  =  M  2.0  Vp  ^ 

Vj/Vp  »  1.0 


ifitly 

No. 

1 

(3) 

Filter 

Course 

Initial 

Target 

Aspect 

Angle 

(deg) 

(5) 

Range 

Interlock 

Condition 

Noise 

Sample 

1 

1 

IMlss  Distance  av  Target 

Overall 
Miss  Dls 

(n) 

mil 

El 

'  TBTj 

% 

(fi;) 

'  (9) 

®z 

(ft) 

8 

Ua 

B-1 

15 

^Wx''‘^Wn 

1 

-11.16 

24.91 

3.46 

27.53 

Ub 

Uc 

2 

2 

-11.00 

24.04 

-57.48 

63.27 

3 

0.26 

-17.10 

-13.03 

21.50 

4 

-5.78 

46.36 

1.58 

46.75 

5 

-12.98 

7.76 

-12.31 

19.50 

6 

-7.87 

11.55 

-15.67 

21.00 

7 

-1.50 

-8.79. 

-22.38 

24.09 

. 

1 

8 

-15.79 

25.07 

20.90 

36.26 

9  i 

!  -0.12 

1.95 

6.32 

6.61 

10 

-6.15 

0.23 

18.00 

19.02 

Mean  - 

=  28.55 

i 

( 

a  ■- 

=  15.42 

9 

12a 

E-1 

15 

\in 

1 

-3.75 

-2.37 

24.97 

I  25.36 

12b 

12c 

a 

-9.18 

43,87 

-25.48 

51.55 

3 

-3.81 

5.54 

-5.73 

8.83 

1 

j 

20 

i 

1 

i 
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TABUS  V  (Cont ) 

SEARROW  III  6a  MISS  DISTANCES  -  50^000  ft  CO-AIiPlTUDE  ATTACKS 
B-47  Size  Target  Vj  ^  M  2.0  Vp  =» 


Vj/Vp 


1.0 


UT 

Mly 

No. 


(2) 

Fig. 

No 

13^ - 

Fighter 

Course 

TT} 

Initial 

Target 

Aspect 

Angle 

Tq 

.(deg.) 

~~ur 

Range 

Interlock 

Condition 

Noise 

Sample 

Hiss  Distance  at  Target 

Overall 
Miss  Dis. 

®Mr 

(ft) 

(71 

% 

(ft) 

% 

(ft) 

(97^ 

®z 

(ft) 

4 

1.02 

-14,22 

-4.48 

14.94 

5 

-13. JO 

-6.48 

19.42 

24.41 

6 

-3.34 

-8.87 

18.63 

20.90 

7 

-6.29 

9.04 

-0,75 

11.03 

0 

-4.18 

30.88 

-4o.o6 

50.76 

9 

2.00 

-42.73 

-19.§3 

46.90 

10 

-1.03 

-13.65 

15.96 

21.03 

Mean 

=  27.57 

0  = 

=  15.40 

13a 

0-3 

15 

^‘max'^-^Wln 

1 

-16.68 

-15.46 

-30.21 

44.46 

13b 

13e 

2 

2 

21.13 

67.01 

-^6.61 

70-57 

3 

-5.49 

27.66 

-16.38 

33.65 

4 

-5.16 

3.80 

-20.66 

2.1.63 

5 

17.97 

54.56 

-11.17 

5O.52 

6 

-3.45 

-4.21 

2.29 

5.90 

21 
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TABIZ  V  (Cont) 

SPARROW  III  6a  MISS  DISTANCES  -  JO^CXDO  ft  CO-AIffETUDE  ATTACKS 
B-47  Size  Target  Vq,  -  M  2.0  Vp  »  Vj|ax 

Vj/Vp  -  1,0 


:;W 

PsCSlT^ir 

No. 

Fig. 

No 

•"(IT 

Plater 

Coarse 

_ 

■■  (J^)' 

(5) 

“W 

Noise 

Sample 

Miss  Distance  at  Target 

(10) 
Overall 
Miss  Die 

®Mr 

(ft) 

Initial 

Target 

Aspect 

Angle 

■To 

(deg) 

Range 

Interloct 

Condition 

(W 

% 

(ft) 

^9) 

®z 

(ft) 

7 

1.94 

8.14 

8.83 

12.16 

8 

17.51 

57.12 

1.86 

59.77 

9 

7.07 

48.59 

-3.17 

49.21 

10 

-3.56 

3.46 

-8.72 

10.03 

Mean  = 

36.59 

a  = 

22.07 

11  - 

Urn 

0-3 

15 

%ax+Kinln 

1 

1.97 

6.48 

-8.78 

11.09 

l^l-b 

lUc 

2 

2 

7.56 

42.32 

-48.39 

64.72 

3 

-9.M(- 

-23.79 

-20.23 

32.63 

k 

7.42 

34.37 

13.81 

37.78 

5 

0.74 

2.93 

-4.29 

5.25 

6 

1.22 

14.83 

-14.31 

20.64 

7 

-17.01 

-28.29 

7.22 

33.79 

8 

-11.44 

38.27 

26.23 

47.79 

9 

-0.75 

0.52 

-3i52 

3.64 

10 

4.39 

10.97 

21.38 

24.43 

Mean  = 

28.18 

0  “ 

18.3 

22 
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TABIB  V  (Cont) 

SPARROW  III  6a  MISS  DISTANCES  -  50,000  ft  CO-AIfflTUI®  ATTACKS 
B-47  Size  Target  =  M  2.0  Vp  = 

Vj/Vp  -  1.0 


Fffihlljr 

No, 

Pig. 

No 

~U)~' 

Fighter 

Course 

Initial 

Target 

Aspect 

Angle 

'to 

(deg) 

“T5l - 

Range 

Interlock 

Condition 

■  ■{'6T"' 

Noise 

Sample 

Miss  Distance  at  Target 

Overall 
Miss  Dls. 

Rmp 

(ft) 

(7) 

% 

(ft) 

- 

Ry 

(ft) 

‘  (9) 

(ft) 

12 

G-3 

15 

®min 

1 

3.88 

10.10 

23.64 

26.00 

■sas 

2 

8.20 

30.78 

-33.25 

46.05 

3 

-2.39 

-6.05 

-3.58 

7.42 

4 

-10.77 

-26.48 

-0.30 

28.59 

5 

-7.74 

-10.96 

17.43 

22.00 

6 

-8.63 

-19.34 

'8.35 

22.76 

7 

-15.59 

-20.23 

9.34 

27.19 

8 

3.46 

16.84 

-31.66 

36.02 

9 

-17.26 

-46.47 

-19.33 

53.21 

10 

10.88 

-2.10 

14.78 

18.47 

Mean 

=  28.73 

a 

=  12.70 

13 

l6a 

l6b 

l6e 

D-1 

60 

^^aax 

1 

2 

-26.03 

-72.93 

-0.001 

5.17 

6.71 

8.59 

26.88 

73.61 

3 

-12.82 

-2.74 

8.68 

15.72 

4 

-46.13 

-1.18 

8.32 

46.89 
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TABLE  V  (Cont) 

SPARROW  III  6a  MISS  DKTANCES  -  50,000  ft  CO-AIlTlTOIffi  ATTACKS 
B-47  Size  Target  -  M  2.0  Vp  =  Vjfex 
V^/Vj.  -  1.0 


PaiSlii^ 

Ko. 

BIW 

1 

Pie^ter 

Course 

“■(TJT” 

Initial 

Target 

Aspect 

Angle 

(deg) 

- 

Range 

Interlock 

Condition 

Moise 

Sample 

Overall 
Miss  Dls. 

Rmt 

(ft) 

(7) 

% 

(n) 

% 

(ft) 

(9) 

Rz 

(ft) 

5 

-29.08 

1.67 

11.91 

31.*^7 

6 

-25.36 

0.92 

15.84 

29.92 

7 

-33.67 

2.57 

19.98 

39.24 

8 

-51.56 

-6.41 

53.67 

9 

-22.76 

-1.36 

6.46 

23.68 

10 

-38.15 

-0.24 

4.05 

38.37 

Mean 

=  37.94 

' 

a  s 

=  J.5.9 

14 

17a 

D-1 

6o 

Tp  +  2 

1 

-9.9^ 

-8.21 

0.18 

12.89 

17b 

17c 

2 

-6.84 

-5.73 

15.26 

17.68 

3 

8.00 

4.50 

4.78 

10.35 

4 

4.60 

1.69 

24.43 

24.91 

’5 

32.20 

17.27 

11.57 

38.32 

6 

-22,91 

-12.09 

-4.40; 

26,28 

7 

-5.91 

-5.53 

-9.19 

12.24 

24 
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which  has  been  used  in  this  and  other  studies  is  that  the  effective  lethal 
radiiis  of  the  Sparrow  III  warhead  is  25  ft  center  of  gravity  to  center  of 
gravity  (CQ  to  CO)  or  10  ft  skin  to  skin  (S  to  S)  (Ref.  9).  In  this  report 
it  will  be  assumed  that  if  a  missile  firing  restilts  in  a  miss  at  the  tar¬ 
get  that  meets  the  miss  criteria  the  probability  of  kill  is  unity.  If  it 
fails  to  meet  this  requirement  the  probability  is  zero.  Table  VI  stunmarizes 
the  results  of  this  phase  of  the  investigation.  The  first  four  columns 
repeat  the  descriptive  information  given  previously  on  Table  V.  The  fifth 
and  sixth  columns  give  the  mean  miss  distsuice  and  standard  deviation  for 
each  family  of  10  noise  sample  runs  presented  previously  on  Table  V.  The 
seventh  column  lists  the  percent  of  the  runs  which  passed  within  25  ft  CG 
to  CQ  of  the  target.  Referring  to  the  first  line  on  the  table,  it  is  seen 
that  the  Initial  approach  aspect  was  15*,  the  fighter  course  originated 
from  Box  B-3  of  the  probability  grid,  and  the  missile  was  launched  at  Rmav. 
For  this  set  of  conditions  10  noise  samples,  as  listed  on  Table  V,  were 
examined.  This  resvilt  is  a  mean  miss  distance  of  24.05  ft  and  a  standard 
deviation  of  11.68  ft.  Seventy  percent  of  the ‘runs  were  observed  to  be 
within  25  ft^CQ  to  CO  of  the  target.  Forty  percent  of  the  runs  were  ob¬ 
served  to  pass  within  10  ft  S  to  S  of  the  target.  Seventy  percent  of  the 
CTuis  satisflea  either  of  these  criteria.  The  remaining  results  of  Table  VI 
correspond  to  families  of  runs  presented  previously  on  Table  V. 

There  is  one  additional  step  required  to  complete  the  desired  analyses 
of  the  F4H-l/Sparrow  III  6a  Weapon  System.  It  is  desirable  to  combine  the 
miss  distance  results  of  the  target  with  the  probability  of  successful 
arrival  to  missile  launch  for  the  Interceptor  presented  earlier  in  Ref.  7. 
The  result  would  then  be  a  complete  definition  of  the  probability  of  success 
up  to  the  point  of  missile  fuzing.  To  do  this  would  require  much  more  data 
than  is  currently  available.  Because  of  limited  time  and  funding  only  a 
small  number  of  actual  missile  flights  could  b‘e  made  on  the  IBM  704.  For 
example,  to  define  the  probability  of  successful  arrival  of  the  missile  at 
the  fuzing  point  for  the  case  of  =15°  would  require  that  missile  runs 
be  made  for  all  boxes  in  the  probability  grid  (see  Fig.  2),  which  resiilted 
in  successful  interceptor  runs.  This  would  require  that  28  additional 
groups  of  missile  runs  (280  computer  runs)  for  each  launch  range  would  have 
to  be  made.  Time  and  funding  limitations  will  not  permit  this. 
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TABIE  VI 


MISS  DISTANCE  RESUIffS 
50,000  FT  CO-AIffITUDB  ATTACKS 
B-47  Size  Target  Vt  =  M  2.0  Vp  =  Vmax  V^i/Vp*  1-0 


uP 

family 

number 

-ncTj — 
Fighter 
Coui'se 

“(D 

Initial 
Target 
Aspect 
Angle 
'^o . 
(deg) 

— m~ 

Range 

Interlock 

Condition 

Mean 

Miss 

(ft) 

— 

standard 

Deviation 

a 

(ft) 

(7) 

Runs 

Within 

25  ft 

CO  to  Do 

Runs 
Within 
10  ft 
S  to  S 

■~T9l - 

Runs 

Satisfying 

Either 

Criteria 

(i) 

1 

B-3 

15 

^max 

24.03 

11.68 

70 

4o 

70 

2 

B-3 

15 

^raax'*'^mln 

2 

27.67 

17.40 

60 

50 

70 

3 

B~3 

15 

\in 

42.72 

20.05 

30 

70 

80 

4 

D-i 

15 

p 

max 

28.67 

10.43 

60 

20 

70 

5 

D-1 

15 

21.12 

6.63 

70 

4o 

80 

6 

D-1 

15 

d 

R  . 
rain 

34.56 

20.19 

40 

30 

4o 

7 

E-1 

15 

R 

max 

30.37 

16.52 

60 

50 

70 

8 

E-1 

15 

R  +R  o 
max  min 

28.55 

15.42 

60 

50 

80 

9 

E-1 

15 

^min 

27.57 

15.40 

60 

30 

80 

1C 

G-3 

15 

R  „ 
max 

36.59 

22.07 

40 

4o 

50 

11 

a-3 

15 

R  +R  , 
max  rain 

P 

28.18 

18.30 

50 

50 

12 

G-3 

15 

R  . 
min 

28.78 

12.70 

40 

30 

50 

13 

D-1 

60 

R 

max 

37.94 

15.90 

20 

80 

80 

14 

D-1 

' 

60 

,  r-n 

Tp  +  2 

18.96 

8.4l 

! 

80 

70 

80 
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hjvestiqation  of  pull-uf  attacks 

In  this  section,  the  investigation  of  the  xuiimproved  Sparrow  III  6a 
missile  flights  under  pull-up  conditions  is  detailed.  The  additional 
initial  conditions  beyond  those  described  previously  for  the  co-altitude 
attacks  are  detailed  below. 

Initial  Conditions 


During  the  vectoring  phase  the  interceptor  flies  a  pure  collision 
course  to  the  point  of  AI  radar  lock-on,  which  occurs  ten  seconds  after 
AI  radar  detection.  At  the  time  of  AI  radar  lock-on,  the  Interceptor 
begins  a  pull-up  maneuver  to  obtain  a  lead  pursuit  course.  The  inter¬ 
ceptor  is  restricted  to  an  L/W  =  3,  or  C  I^wav  course .  Once  the  error  is 
reduced  to  zero,  the  interceptor  flies  a  lead  pursuit  course  as  long  as 
possible.  The  Sparrow  III  6a  is  laimched  when  the  steering  error  is  within 
the  allowable  launch  error  computed  in  the  APA-128,  and  the  reoige  corres¬ 
ponds  to  F:nin-^J^  jLRmnv  or  6.5  naut  mi,  whichever  is  smaller.  All  inter¬ 
ceptor  runs  are  examined  to  see  if  the  gimbal  angles  X©  and  angles 
are  exceeded  prior  to  missile  launch.  If  so,  these  runs  are  considered 
failures  and  the  missile  is  not  launched. 

The  pull-up  and  launchirig  sequence  occurs  in  a  plane  which  contains 
the  interceptor's  present  position  and  target's  future  position,  and  is 
established  by  the  fighter  velocity  vector  and  the  correct  lead  pursuit 
course  vector.  This  method,  employed  in  the  simulation  program,  is 
believed  to  be  very  close  to  the  actual  way  pull-up  attacks  will  be  made. 
For  a  more  detailed  description  of  this  simulation  technique  refer  to 
Ref.  11, 

After  missile  launch,  the  interceptor  continues  to  fly  a  lead  pursuit, 
L/W  =  3,  or  Cthmv  course  in  order  to  iUiiminate  the  target.  During  this 
illumination  phase,  the  AI  radar  gimbals  must  not  be  exceeded  from  laissile 
launch  until  missile  impact. 

In  the  phase  of  the  study,  two  initial  target  aspect  angles  are 
examined  (to=  O*  head-on,  and'^o"  From  the  probability  of  success¬ 

ful  arrival  to  missile  launch  studies,  reported  previously  in  Ref.  7,  it 
is  Gonsluded  that  these  two  angles  cover  the  extremes  of  likely  successful 
approach  aspects  for  pull-up  attacks  against  the  high  speed,  high  altitude 
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targets.  R\ms  were  made  from  boxes  in  the  probability  grid  of  Fig.  2  to 
get  the  probability  of  placing  the  missile  within  a  lethal  area  around 
the  target.  As  in  the  case  of  the  co-altitude  attacks,  the  target  is  of 
B-47  size.  The  interceptor  starts  the  attack  under  Vmax  conditions.  The 
target  is  flying  under  M  2.0  conditions  at  either  65,000  ft  or  75,000  ft 
altitude.  It  is  realized  that  the  use  of  a  75,000  ft  target  places  some¬ 
what  of  an  unfair  burden  on  the  Sparrow  III  6a.  However,  the  choice  of 
this  altl fcude  is  based  on  the  following  reasons ; 

1.  At  the  start  of  the  Navy's  Air  to  Air  Missile  Study,  the 
maximum  Intended  altitude  of  the  Sparrow  III  6a  was  understood  by  many  to 
be  78,000  ft. 


2.  There  is  little  difference  in  terms  of  missile  requirements 
for  75yOOO  ft  and  the  current  specification  altitude  of  70,000  ft. 

3.  Use  of  a  75,000  ft  altitude  target  lends  Itself  nicely  to 
the  next  phase  of  the  Na\'y's  Air  to  Air  Missile  Study,  that  is  the  study 
of  Sparrow  III  6b. 

The  initial  conditions  of  the  interceptor  at  the  start  of  the  pull-up 
maneuver  are  shown  on  Table  VII  for  the  various  oases  examined.  The  first 
column  gives  the  box  in  the  probability  grid  from  which  the  intercept  run 
originated.  The  second  column  lists  the  initial  target  aspect  angle.  The 
third  column  gives  the  target  altitude.  The  fourth  column  gives  the  inter¬ 
ceptor  altitude  at  the  start  cf  pull-up.  The  fifth  column  gives  the  inter¬ 
ceptor  velocity  at  the  start  of  pull-up.  The  final  three  columns  give  the 
X,  Y,  Z  components  of  the  range  between  the  interceptor  and  target  at  the 
start  of  pull-up. 

Pqll-up  Attacks  Agai.nst  .  Nonmaneuverlng  Targets 

In  the  pull-up  artacks  against  nonmaneuvering  targets  the  investiga¬ 
tion  was  restricted  to  initial  target  aspect  angles  of  0°  and  45'.  As 
shown  on  Table  VII  for  the  case  of  =  0*#  pull-up  attacks  were  made  from 
interceptor  altitudes  of  58,000  and  50,000  ft.  For  the  case  of  =  45' 
pull-up  attacks  were  made  from  interceptor  altitudes  of  58,000  ft,  5^,000  ft 
and  40,000  ft.  For  each  case,  the  interceptor  starts  pull-up  under  V^ax 
conditions  against  a  M  2.0  target. 
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TABIE  VII 


INiriAL -CONDITIONS  OF  mTEROEFTOR  AT  AI  RADAR 
LOCK-ON  RANGE  (START  OF  PULL-UP) 

PDI^UP  ATTACKS  -  HONMANEUVERIHO  TARGET 
B-47  Size  Target  Vj  =  M  2.0  Vp  =  at  Pull-up 


(17“ 

Fighter 

Course 

- 

Initial 

Target 

Aspect 

Angle 

■^o 

(deg) 

rm~^ 

Target 

Altitude 

(ftxlo3) 

— (TJ - 

Fighter 

Altitude 

at 

.Pull-up 

(ftSloS) 

— X5l - 

Fighter 

Velocity 

Vp 

(ft/aec) 

Components 

of  Range- Intercept 
to  Target  _ 

(6) 

% 

(am) 

(7)' 

(nm.) 

^^8) 

(nra) 

D-1 

65 

•58 

1753 

10.25 

1.02 

-1.15 

C-4 

0 

65 

58 

1753 

13.68 

2.99 

-1.15 

D-2 

0 

65 

50 

2005 
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C-5 

0 

65 

50 
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D-4 

0 

75 

58 
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0 
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0 
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0 

75 
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58 
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45 
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50 
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9.28 
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D-1 

45 

65 

40  „ 
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-4,11 

E-1 

45 

65 

4o 
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-4.11 

D-1 

45 

75 
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45 
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Table  VIII  gives  the  Initial  conditions  at  missile  laijnch.  The  first 
four  columns  repeat  information  given  on  Table  VII.  Column  five  gives 
interceptor  altitude  at  launch.  The  sixth  column  gives  the  I'ange  inter¬ 
lock.  condition  at  la’unch.  Launches  were  attempted  from  Rmav.  Rmin,  and 
(Kinax+%iin)/--  ^  particular  course  the  interceptor  could  not  close 

range  r.o  RiEij;,  an  arbitrary  launch  point  is  selected  corresponding  to 
missile  time  of  flight  (Tp)  plus  2  seconds  following  Rmax* 

As  in  the  case  of  co-altitude  attacks,  seeker  lock-on  is  assumed  to 
occur  2J.ii  seconds  after  launch  at  Rmny  and  l.lk  seconds  after  launch  at 
^mjn°  Linear  Interpolation  is  used  to  determine  seeker  look- on  time  for 
lauiiches  between  Rjnax  %in*  next  three  columns  on  Table  VIII  give 

the  oompons.nts  of  range  at  missile  launch.  The  tenth  and  eleventh  columns 
give  the  a,zlmu.th  ar.d  elevation  steering  errors  at  launch.  The  twelfth 
column  gives  the  interceptor  velocity  at  missile  launch  and  shows  the  in¬ 
terceptor  slowdown  dur'lng  the  pull-up  maneuver. 

The  results  of  the  pull-up  attack  missile  launches  are  given  on 
Table  IK,.  The  first  column  gives  the  family  number  and  is  used  for  iden¬ 
tification  of  runs.  The  second  column  gives  the  figure  numbers  associated 
with  each  family  of  the  missile  flights  examined.  The  next  four  columns  give 
the  Initial  conditions  at  the  start  of  intercept.  The  seventh  column  gives 
range  at  missile  launch.  These  ranges  are  labeled  as  Rmay,  (Rmax+^minVS; 
Rniin  equivalent  to  the  previously  defined  ranges.  The 

next  co^Lvjnn  shows  which  of  the  10  noise  samples  were  examined.  The  final 
four  columns  gi.ve  missile  miss  distance  results.  The  first  three  of  these 
gives  the  components  of  miss  in  the  X,  Y,  and  Z  direction.  The  twelfth 
column  shows  the  resulting  overall  miss  distance  for  each  of  the  noise 
samples  ft.xamin.ed.  Finally,  at  the  end  of  each  family,  pi’ovided  sufficient 
noise  sampltes  were  examined,  the  mean  miss  distance  (l  a  value  of  miss 
distance)  and  no  noise  miss  distance  are  tabulated.  For  example  on  Family  1 
the  m.ean  miss  dista;aee  =  U6,U  ft,  1  cr  value  of  miss  distance  =  15.3  ft,  and 
no  noise  ralsa  distance  -  11.2  ft.  Referring  to  the  first  column  again,  it 
is  seen  that  for  each  family  three  figures  are  given  (for  some  families  no 
data  is  given).  For  example,  for  the  first  family  Pigs.  l8a,  l8b,  and  l8c 
show  the  results j  Fig.  .l8a  the  resulting  miss’  distances  in  the  X-Y  plane; 

Fig,  .l8b  the  X-Z  plane;  Pig.  l8c  the  Y-Z  plane.  As  in  the  case  of  the  co- 
a,ltitude  attacks  the  resulting  miss  distance  for  the  case  where  no  noise 
was  used  is  shown  by  the  black  circle.  The  mean  miss  distance  for  the 
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missile  flights  where  noise  was  used  is  indicated  hy  the  black  square.  The 
same  definition  given  previously  for  no  noise  as  used  in  co-altitude  attacks 
applies  equally  well  here.  ' 

For  each  case  where  figxires  are  given,  three  figures  are  used  to  illus¬ 
trate  the.  resulting  miss  distances.  Each  of  these  three  figures  carry  the 
same  numerl.cal  de^'signatlon  and  are  separated  by  a,  b,  c.  However,  -referring 
to  the  table,  it  is  seen  that  for  some  cases  no  figures  are  included.  For 
example,  no  figures  were  plotted  for  Family  5*  this  particular  family 

or.ly  five  .noise  samples  were  examined.  Referring  to  the  reBiJ.ts  it  is  seen 
that  no  more  samples  were  warranted  because  of  the  large  miss  distances 
encountered.  No  attempt  was  made  to  present  the  results  graphically  because 
many  of  the  points  would  be  off  the  scale  used  for  the  other  figures.  For 
these  same  :t'easons  figures  are  not  given  for  Families  6,  7,  and  8.  The 
results  of  the  puJ.l-up  inve.stlgation  are  illustrated  by  Figs.  l8a  thru  32c. 

For  the  case  of  Family  10  only  one  noise  sample  was  run.  The  miss 
distance  was  such  that  no  additional  runs  were  warranted.  In  addition, 
examination  of  launches  from  Rmin  for  this  particular  situation  was  not 
warranted.  For  the  case  of  Family  12  only  one  noise  sample  was  examined. 

The  .reason  for  this  is  that  the  miss  distance  was ■  large  and  upon  examination 
of  the  run  it  was  found  that  at  missile  seeker  lock-on  the  missile  would  not 
be  able  to  see  the  target  because  the  target  was  outside  the  seeker  antenna 
beam.  Thus,  no  additional  noise  samples  were  warranted  and  no  figures  aure 
given.  Obviously,  failing  at  longer  range,  it  would  be  a  waste  of  time  to 
examine  launches  made  from  Rmin’ 

Family  15  gi.ves  the  results  for  launches  from  Rmin  for  an  intercept 
which  smarted  from  tq  =  ^5°;  Box  D-1,  Hp  =  50,000  ft,  and  Htp  =  65,000  ft. 
Again  or.dy  one  noise  samp,le  is  examined.  The  reasons  why  no  additional 
runs  are  examined  are  the  same  as  those  given  above  for  Family  12.  For 
the  ease  of  Family  i8,  only  five  noise  samples  were  investigated.  While 
the  miss  distances  are  smaller  than  preceding  Rmin  launches,  the  results 
■are  still  much  too  large  (overall  miss  varies  from  110.4  to  157«8  ft)-  No 
figures  are  given  to  show  these  results. 

Table  DC  shows  that  only  one  noise  sample  was  examined  for  Family  21. 
Again  the  reasons  for  this  cursory  examination  are  excessive  miss  distance 
and  seeker  unable  to  see  the  target  at  lock-on.  For  the  case  of  Family  24 


35 


COMFIDSNTIAL 


CONFIDENTIAL 


TABIS  IX 

SPABROW  III  6a  MISS  DISTANCES  -  PULL-UP  ATTACaCS 


COWPIUJ'-M'IAL 


o 

CJ 

s: 


.  W 

H  'H 

SI 

d  0  fei 

2  ta  K  ?H 

H 

rv-i 

u> 

r- 

lA 

^n 

CO 

CD 

CO 

CO 

<0 

CO 

ON 

co' 

d 

d 

d 

CVJ 

0 

lA 

VO 

A 

vO 

ON 

on 

OJ 

CVJ 

w 

QJ  W 

VO 

H 

r-» 

ON 

-d- 

s 

OJ 

A 

CVJ 

II 

II 

d) 

N  <-*N 

fH 

LfN 

-Ct- 

rn 

rd 

GO 

-d- 

0- 

•H 

I 

td 

0 

d 

H 

cd 

id 

CJN 

vn 

« 

H 

§ 

w  BJ  w 

1 

H 

<\l 

LA 

H 

1. 

rH 

t- 

1 

1 

1 

OJ 

iS 

(0 

0) 

H 

t- 

0 

lA 

VO 

H 

On 

0 

9 

4^ 

S  JHiC 

(if  w 

ON 

U‘N 

OJ 

ri 

s 

Si 

VO 

S 

CA 

iH 

LA 

cd 

H 

CVJ 

LC\ 

m 

H 

CO 

S 

CO 

H 

CO 

ro 

a\ 

t- 

VO 

CO 

VO 

CVJ 

CO 

(0 

e  ftTi^ 

U\ 

d 

rn 

LA 

cn 

0 

LA 

d 

d 

cn 

VO 

H 

1 

1 

H 

1 

1 

H 

1 

CVJ 

1 

0 

<U  H 

«— N 

CO  A 

» 

•H  S 

H 

OJ 

LA 

VO 

t- 

CO 

CO 

0 

^  M 

' 

H 

1^ 


> 

II 

!> 


w 


M 

•H 

to 

b- 

I 

n 


ft. 


(U 

§• 

M  -P  d  W  ;p 

s  B 


CO 

ir\ 


0) 

m 

43  S  o 

h'Sg  s 

Eh  «a;  v-." 


ir\ 

\0 


--  +»  *P 

iH  (1)  O  O  ^ 

^  s.'d)  o  S’ 


'31^ 


o 


) 

o 


ta  • 

Esis 


a 

-  0>  On 
H  r-i  H 


1  • 

Eli 


cvj 


I 


j 


37 


CONFIDENTIAL 


SPARROW  III  6a  MISS  DISTANCES  -  PULL-UP  ATTACKS 
NOHMAHEUVERING  TARGET 

B-47  Size  Target  Vp  =  Vmgy  at  Pull-up  Vj  =  M  2,0 
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SPARRCW  III  6a  MISS  DISTANCSS  -  PULL-UP  AITACaCS 
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TABI£  K 

SPABRCW  III  6a  MISS  DISTANCES  -  PULL-UP  ATTACKS 
NOHMAHEUVERING  TARGET 

B-47  Size  Target  Vp  =  Ymny  at  Pull-up  Vj  =  M  2.0 
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SPARROW  III  6a  MISS  DISTANCES  -  PULL-UP  ATTACKS 
HONMANEUVERING  TARGET 
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TABLE  DC 

SPARROW  III  6a  MISS  DISTANCES  -  PULL-UP  ATTACKS 
NQNMANEUVERING  TARCSTT 

B-U7  Size  Target  Vj»  =  Vjoax  PuH-up  Vy  =  M  2.0 
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TABI£  IX 

SPABRCH  HI  6a  HISS  DISTMCBS  -  FULL-UP  ATTACKS 
NQHMASEUVERINa  TARGST 

B-47  Size  Target  Vp  =  Vjnax  at  Pull-up  Vj  =  M  2.0 
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only  five  noise  samples  were  examined  because  of  the  excessive  miss  dis¬ 
tances  resulting.  Figures  are  not  given  for  Families  25  and  26  for  the 
same  reason.  Ten  noise  sample  runs  were  made  for  Family  27.  However, 
the  misses  were  such  that  they  would  fall  off  the  scale  of  the  figures. 

Thus,  no  figures  are  Included.  For  this  particular  situation,  the  inter¬ 
ceptor  was  unable  to  close  range  on  the  target  to  Rmin-  Thus,  no  families 
are  given  for  {Rmaic+^min)/^  and  launches.  Instead  a  launch  point 
corresponding  to  Tp  +  2  is  Investigated.  These  results  are  given  in 
Family  28.  Again,  the  miss  is  so  large  that  it  was  obvious  that  a  detailed 
Investigation  was  unnecessary.  Thus  only  one  noise  sample  was  used. 

The  reasons  for  not  giving  figures  describing  the  results  of  some  of 
the  remaining  families  have  been  detailed  above.  The  time  histories  of 
missile  parameters  will  be  given  in  a  succeeding  volume  of  this  series. 

A  study  of  these  parameter  variations  will  explain  further  the  reasons  for 
the  failures  that  ocjcurred. 

From  the  resu.lts  shown  on  Table  EC  it  is  possible  to  predict  the 
probability  that  the  missile  will  arrive  within  a  defined  area  with  respect 
to  the  target.  As  in  the  case  of  the  co-altitude  attack  situation  a  de¬ 
tailed  study  of  the  fuzing  and  warhead  aspects  of  the  problem  will  not  be 
investigated.  The  same  simple  criteria  will  be  applied  to  the  pull-up 
attacks  as  was  applied  to  the  co-altitude  case.  The  first  of  these  assumes 
that  if  the  missile  passes  within  25  ft  CG  to  CQ  of  the  target  the  probability 
of  kill  is  unity.  The  second  criterion  is  that  if  the  missile  passes  within 
10  ft  S  to  S  of  the  target  the  probability  of  kill  will  be  unity.  Primary 
emphasis  will  be  placed  on  the  first  criterion.  Table  X  summarizes  the 
results  fpr  all  pull-up  attack  cases  examined  and  presented  on  Table  EC, 
where  five  or  more  noise  samples  were  Inve-stigated.  The  first  six  columns 
of  Table  X  repeat  information  given  previously  on  Table  EC.  Column  seven 
shows  the  mean  miss  distance  for  each  of  the  families  examined;  column  eight 
the  calculated  standard  deviation  of  the  miss  (o)  in  ft;  column  nine  gives 
the  actual  percentage  (varying  from  0  to  50 )  of  missile  runs  which  were 
observed  to  pass  within  25  ft  CG  to  CG  of  the  target.  Column  i;en  shows  the 
results  when  the  miss  distance  criteria  of  10  ft  S  to  S  is  used.  It  is  seen 
that  this  does  not  yield  significantly  better  results.  If  an  either/or 
criteria  is  used  the  results  of  column  eleven  are  obtained. 
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Effect  of  Target  Maneuver 

The  effects  of  target  maneuvers  on  prohabllity  of  successful  arrival 
to  missile  launch  were  detailed  previously  in  Volume  LC  of  this  series 
(Ref.  7)'  In  this  investigation  a  maneuver  which  consisted  of  a  1  g 
lateral  turn  (L/W  =  l,4l4)  that  crisscrossed  a  path  parallel  to  the  de¬ 
sired  flight  path  was  used.  The  target  started  to  maneuver  to  the  right  or 
to  the  left  at  AI  radar  lock-on.  The  maximum  deviation  of  target  heading 
from  this  parallel  fliglit  path  is  30*-  This  same  basic  maneuver  is  used 
in  investigating  the  effect  of  target  maneuver  on  missile  miss  distance 
and  Is  detailed  here. 

Table  XI  gives  a  cumparison  of  initial  conditions  for  the  pull-up 
attack  investigation  against  maneuvering  and  nonmaneuvering  targets.  Those 
items  relating  to  the  nonmaneuvering  targets  are  repeats  of  information 
presented  previously  on  Table  VIII.  Several  families  were  selected  from 
those  used  in  the  nonmaneuvering  target  investigation  and  were  employed  in 
this  phase.  These  families  are  listed  in  the  first  column  of  Table  XI,  The 
second  column  gives  the  fighter  course  which  corresponds  to  the  box  in  the 
probability  grid  from  which  the  run  originated.  The  third  column  gives  the 
Initial  target  aspect  angle.  The  next  ten  columns  give  initial  conditions 
of  the  fighter  and  target  as  follows s  target  altitude;  fighter  altitude  at 
the  start  of  pull-up;  fighter  altitude  at  missile  launch;  missile  launch 
range;  geometrical  coordinates  of  range  from  interceptor  to  target  at  launch; 
azimuth  and  elevation  steering  errors  at  launch;  and  interceptor  velocity. 
The  final  column  on  this  table  tells  whether  the  target  is  flying  straight 
and  level  (indicated  by  "none"),  maneuvers  initially  to  the  left  of  his 
flight  path,  or  maneuvers  initially  to  the  right  of  his  flight  path 
(maneuver  starts  at  AI  radar  lock-on). 

Table  XII  gives  a  comparison  of  Sparrow  III  miss  distances  when  em¬ 
ployed  in  pull-up  attacks  against  nonmaneuvering  targets  and  maneuvering 
targets.  The  initial  conditions  for  each  of  these  runs  are  given  on 
Table  XI.  The  first  six  columns  of  Table  XII  repeat  some  of  these  initial 
conditions.  The  same  target  noise  is  employed  in  this  phase  of  the  study 
as  was  used  in  the  co-altltude  and  pull-up  attacks  detailed  previously. 

Column  seven  lists  the  noise  sample  investigated.  The  next  column  gives 
the  initial  maneuver  of  the  target  (see  description  of  Table  Xl).  The 
next  four  columns  give  the  components  of  miss  at  the  target  and  the  overall 
miss  distance. 
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TABLE  Xri 

COMPAKESON  OF  SPARROW  III  6a  MISS  DISTANCES  -  PDLL-UP  ATTACKS 
AGAINST  NOHMABEUVERING  AND  MANEUVERING  TARGETS 
B-47  Size  Target  =  M  2.0  Vp  =  Vmax  at  Pull**!:^* 


CONFIDENTIAL 


(12) 

Overall 

MLss 

Distance 

0\  CJ  OJ  C—  H  C—  (.U  C~-  Lr\  ^  ro  CO  VO 

cl)  p  H  rH  CM  vq  j-  CO  ro  UN  ITS  CO  On  OJ  CM 

r-<  f-  1.--  a>  ^  rH  UN  Cr\  ro  CM  CM  H  CM  .d-  VO 

0  0 

H  H 

Miss  Distance  at  Tareet 

'w*' 

M^HN  CMrH  -H-VOONO 

j'  .'vT  UN  rH  cm" 

Hi  J-  VO  iH  CM  CO  .d- 

1  H  III 

1 

CO  t~-  CO  CJ\  0  CO  VO  UN 

ul-  P  'P  si'  rH  UN  CO  UN 

^  r-i  1  CM  CM 

On  I 

CN-d  ONCO  udON^-CO 

1  I  CO 

CO 

■^4.  1 
•H  0)  3 

13  S  a 

M  S 

Hone 

Left 

None 

Left 

None 

Left 

None 

Left 

Hone 

Left 

None 

Left 

None 

Right 

None 

Right 

0  rH 

w  A 
t*-  •H  q 

H  ^  1,  ^  ^ 

II  II  II 

0 

(6) 

Range 

Interlock 

Condition 

<D  CO  — - -■  ■  .  ■  1  ■  —  ■ 

g  ^  "g 

0  «  §  pf 

(5) 

Fighter 

Altitude 

at 

Pull-up 

Hp 

0  0 

UN  UN 

frt  m 

■p  3  q 
tO-H  K 

Lr> 

(3) 

Initial 

Target 

Aspect 

Angle 

^0 

(d«) 

0  UN 

sl| 

S'  ^ 

1  ^ 

a  Pij 

3|| 

C~  VO 

H 

65 


CONFIDENTIAL 


00HraBEfil3C«S, 


» 


t— - 

3 

Overall 

Hiss 

Distance 

(«"f 

com  ir\oo  ot~  <>\t«-  woo  ot—  oso 

*•  *•  ••  »•  ••  •* 

HOnvoo  u^  oovowitnvDHw 

1 

V 

§ 

+> 

« 

s 

'W' 

ro  H  «#  ici<oo0o0'0rn(n^oo\0\ 

si  7^  d  -='“  i  ^  \R  ^  ®  i  -t 

III  1  1  H 

1 

'o 

H  «  C 

l^fn  i^OO  OOO  lf\t-  Ht—  COH  Wt~ 

w»A  row  ww  WH- 

*oh<5  ^  HHirvrn^fHW 

(0 

CO 

s 

05 

f*  o«  ••  ••  •• 

JtO  vot^  oiovot-  corn 
t  'S  cn  ir\  1  1  1  w  1  (OH  I-*  H 

'  <  I  II  1  1  1  I 

- 1 - - 

(8) 

Initial 

Target 

Maneuver 

None 

Rl^t 

None 

Right 

None 

Right 

None 

Rl£^ 

None 

Right 

None 

Right 

None 

Right 

(7) 
Noise 
:  Sample 

lr^  ui  t-  00  0\ 

(6) 

Range 

Interlocli 

Condltloi 

el  §-  1 

4)  <7*1 

irt  ^ 

•P  3  Q 

S' 

'^15  £ 

(3) 

Initial 

Target 

Aspect 

Angle 

ide«^ 

H  O 

t4  U 

H  = 

i| 

- 

66 


CONFIDENTIAL 


TABIZ  XII 

COMPAHISON  OF  SPARROW  III  6a  MISS  DISTANCES  -  PULL-UP  ATTAOCS 
AGAINST  NONMANEUVERING  AND  MANEUVERING  TARGETS 
B-47  Size  Target  V^  =  M  2.0  Vp  =  Vnax  at  Pull-up 


TABIZ  XII 

COMi'ARISON  OF  SPARROW  III  6eMISS  DISTANCES  -  POIX-UP  AT 
AGAINST  NOHMANEUVERING  AND  MAHEUVERIHD  TARGETS 
B-47  Size  Target  Vj  =  M  2.0  Vp  =  Vmax  at  Pull-up 
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The  mlsees  given  for  the  nomnaneuverlog  casei  labeled  "noaa">  are  the 
sene  as  those  given  previously  on  Table  IX.  iniere  is  one  exception  In 
Faally  27,  where  the  probability  of  passing  within  2$  ft  00  to  00  Is  dif¬ 
ferent  from  that  given  for  the  same  faally  on  Table  X.  This  Is  because 
a  different  number  of  noise  samples  are  examined.  At  the  end  of  each 
family  (for  example,  Family  4),  the  mean  miss  distance,  standard  deviation 
of  miss,  and  no  noise  miss  distances,  cure  given  for  all  families  inves¬ 
tigated  where  five  or  more  noise  samples  were  examined  (all  except  Family  7) 

The  results  given  on  Table  XII  are  converted  to  miss  distance  proba¬ 
bilities  on  Table  XIII.  Only  three  of  the  four  families  given  on  Table  XII 
are  repeated  here  since  only  one  noise  sample  was  used  for  Family  7*  Tlis 
first  seven  columns  are  a  repeat  of  Information  given  on  Table  XII.  Column 
eight  gives  the  resulting  mean  miss  distances  in  feet.  Standard  deviation 
of  the  miss  is  shown  In  coliusn  nine.  Column  ten  gives  the  percentage  of 
runs  observed  to  pass  within  25  ft  00  to  CO  of  the  target.  In  each  case 
examined,  target  maneuver  reduced  the  percent  success.  Foi’  example,  the 
results  of  Family  16  is  reduced  from  505t  for  no  target  maneuver  to  8.8^  for 
target  maneuver.  The  eleventh  column  compares  the  results  obtained  by 
observing  the  percentage  of  rune  which  placed  the  missile  within  10  ft 
S  to  S.  Again  the  results  are  very  low.  The  twelfth  column  gives  the  re¬ 
sults  when  either  miss  criteria  is  satisfied. 

RSMdlNIHO  STUD!  KFFORT 

The  details  given  In  this  report  describe  the  first  part  of  the  con¬ 
cluding  phase  of  the  Navy's  Air  to  Air  Missile  Study  as  related  to  the 
system  employing  the  Sparrow  III  6a..  It  Is  anticipated  that  five  auldltlonal 
reports  will  be  Issued  on  the  results  of  this  study.  The  first  will  show 
the  results  of  parameter  variation  about  the  values  given  in  this  report 
for  the  unimproved  Sparrow  III  6a.  The  secoiid  will  give  miss  distance 
results  for  the  improved  (current)  Sparrow  III  6a.  The  tl.lrd  will  detail 
the  simulation  techniques  used  In  the  pull-up  attack  Investigation.  The 
fourth  will  detail  parameter  variations  encountered  in  the  missile  simula¬ 
tion,  and  the  fifth  will  be  a  foraal  report  simmiarlzlng  the  results  obtained 
In  the  entire  study  of  the  system  employing  the  Sparrow  III  6a.  There  will 
be  a  continuing  effort  directed  toward  employing  the  results  in  the  develop¬ 
ing  and  testing  of  the  system.  V/bere  applicable,  memorandum  reports  will 
be  Issued  detailing  this  effort. 
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COMPARISOK  OP  MISS  DISTANCE  BESUIiES  -  PULL-UP  ATTACK 
AGAINST  NONHAHEUVERING  AND  MANEUVERING 


COWFin'ENTIAT,  ; 
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CONCmSIONS  ADD  RECOMMENDATIONS 

The  coaclusions  and  recomiaendatlons  presented  here  in  no  way  void 
those  given  previously  in  other  volumes  of  this  series.  Data  in  this 
vol\nne  is  an  extension  of  that  given  previously,  and  emphasis  is  placed 
on  the  missile  launch  and  g^jiidance  phases.  Because  of  the  laxge  number 
of  tactical  problems  Investigated  and  because  of  the  complexity  of  each, 
the  reader  is  encouraged  to  refer  to  the  text,  especially  the  tables,  for 
the  full  meaning  of  the  general  conclusions  and  recommendations  which 
follow, 

I.  Co-Altltude  Attack  Investigation 

The  tmimproved  Sparrow  III  missile  which  was  then  known  (at  the 
time  of  simulation  effort)  as  the  Sparrow  III  6a  was  simulated  along  with 
the  current  version  of  the  B'4h-1  aircraft  and  the  AN/APQ-72  radar.  During 
this  study  phase.,  changes  have  occurred  in  the  Sparrow  III.  Thus,  this 
version  is  labeled  as  unimproved  Sparrow  III  6a  and  corresponds  to  the 
missile  whose  Vq  »  800  [l40.4l(,l-P/Psi,) ]  •  When  this  combination  is  used 
the  following  conclusions  on  Sparrow  III  miss  distances  apply: 

(a)  For  target  aspect  angle  of  15“  off  the  teurget's  nose  and 
Rjnax  co-altitude  launch  conditions  from  Intercept  runs  which  constitute 
a  successful  conversion  to  missile  launch  against  a  M  2.0,  B-47  size 
teufget  at  50,000  ft,  the  percentage  of  missiles  which  were  observed  to 
pass  within  25  ft  CQ  to  CO  of  the  target  varied  between  4o^t  and  60^  (see 
Table  VI). 


(b)  When  the  launch  range  is  reduced  to  Rmin  all  other  con¬ 
ditions  are  the  same  as  item  (a),  the  percentage  of  missiles  which  were 
observed  to  pass  within  25  ft  CO  to  CQ  of  the  target  varied  between  yff) 
and  50^  (see  Table  VI ), 

(c)  When  a  lethality  criterion  of  25  ft  CO  to  00  or  10  ft  S  to  S 
with  respect  to  the  target  are  applied  to  the  missile  launches  made  under 
the  conditions  of  Item  (a),  the  percentage  of  missile  rune  which  satisfied 
these  criteria  varied  between  50^  and  80^  (see  Table  VI). 

(d)  When  the  25  ft  CQ  to  CQ  or  10  ft  S  to  S  criterion  is  applied 
to  missile  launches  from  the  same  conditions  as  item  (b),  the  percentage 
of  missile  runs  which  satisfied  these  criteria  varied  between  kOfft  and  70^ 
(see  Table  VI). 
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II.  Pull-up  Attack  Investigation 


The  "unimproved"  Sparrow  III  mlselle  as  described  for  the  co-altitude 
oase  was  employed  in  pull-up  attacks.  When  this  missile  is  launched  in 
pull-up  attacks  from  Intercept  runs  which  constitute  a  successful  conver¬ 
sion  to  missile  launch,  the  following  resxilts  are  obtained: 

(a)  When  pull-up  attack  missile  launches  are  made  frcm  Intercepts 
initiated  head-on  against  a  nonmaneuvering  M  2.0  target  flying  at  6^,000  ft 
altitude,  the  percentage  of  missiles  ^ich  passed  within  2^  ft  00  to  OQ  of 
the  target  varied  from  to  20^  (see  Table  X). 

(b)  For  the  same  conditions  as  item  (a),  except  that  the  target 
altitude  is  increased  to  7!), 000  ft  (50OO  ft  above  specification  altitude), 
the  percentage  of  missiles  which  passed  within  2^  ft  00  to  CO  of  the  target 
was  (see  Table  X). 

(c)  When  pull-up  attack  missile  launches  are  made  from  Intercepts 
which  initiate  from  45*  off  the  target's  nose  against  a  nonmaneuvering  M  2.0 
target  flying  at  65,000  ft  altitude,  the  percentage  of  missiles  which  passed 
Within  25  ft  CO  to  CO  of  the  target  varied  from  056  to  50?t  for  Rmax  launches  j 
from  056  to  10^  for  (Rmax+Rmin)/2  launches;  and  0^  for  Rmin  laxinches  (see 
Table  X), 


(d)  For  the  same  conditions  as  those  if  Item  (c),  except  that  the 
target  altitude  is  increased  to  75,000  ft,  the  probability  that  the  missile 
will  pass  within  25  ft  CO  to  CO  of  the  target  was  for  all  launch  ranges 
investigated  (see  Table  X). 

(e)  When  the  lethality  criterion  of  25  ft  CO  to  CO  or  10  ft  S  to  S 
is  applied  to  the  missile  launches  described  under  items  (a)  thru  (d),  the 
results  are  still  very  low  and  the  percentage  varies  from  056  to  50^  for  all 
conditions  investigated  (see  Table  X). 

(f)  In  pull-up  attacks  against  a  M  2.0  target  flying  at  65,000  ft 
or  75,000  ^  altitude,  initiating  a  simple  1  g  crisscross  maneuver  at  AI 
radar  'lock-on,  the  percenteige  of  missiles  which  passed  within  25  ft  CO  to 
CO  are  very  low.  For  example,  when  the  pull-up  is  head-on  from  50,000  ft 
altitude  and  the  missile  is  launched  at  Rmax  "the  percentage  of  missiles 
passing  within  25  ft  CQ  to  CO  is  0^.  All  other  cases  investigated  yielded 
consistently  low  results  (see  Table  XIII). 
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(g)  When  the  lethality  criterion  of  2^  ft  CQ  to  CO  or  10  ft 
S  to  S  Is  applied  to  missile  launches  against  high  altitude  maneuvering 
targets,  the  results  are  still  low.  The  percentages  obtained  vaurled 
from  Oi  to  20^  (see  Table  XIII). 
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X,Y,Z  r Reference  Axes 

Ry,  Rv»  R7  = 'components  of  Range  Along  X,Y,Z 
^  ^  (Z-Axis  Positive  Downward) 

=  Angle  off  the  Target  Nose 
y  «  Eulerian  Angle  of  Fighter  Velocity 
^  Vector  in  Azimuth 

=  Fighter  Velocity  Vector 
r  Target  Velocity  Vector 
s  Lead  Angle 


Fig*  3-  Attack  Geometry 
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